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CHAPTER I. INTRODUCTION 
Scope of the Study 
The present study is about the outdoor space and the 
streets for pedestrians on Iowa State University's campus 
where we can find a great variety of human activities 
resulting from the interaction of people and their 
environment. Bernard Rudofsky, in his Streets for People 
says: "Lord Tennyson spoke for the many when he declaimed: 
'I loathe squares and streets/and the faces that one meets'" 
(Rudofsky, 1969, p. 19). Rudofsky argues for the necessity of 
humanizing the street for pedestrians. 
As college education has become of more importance in our 
society, the physical environment of a campus has been also 
recognized as one of the critical issues to consider. The 
pedestrian spaces in streets are important physical 
environments on a campus both visually and functionally. 
Among the transport modes available for human movement at 
I.S.U. campus, walking is the slowest and most limited in 
range, but offers the most flexibility. Walking abilities 
shaped the first rudimentary human settlements and early 
cities. Because these cities were structured upon the 
convenience and comfort of the pedestrians, many of them were 
characterized by their human qualities of design. Iowa State 
University campus has been developed with the intensive use of 
pedestrian space. Though the streets provided for pedestrian 
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movement represent a clearly important topic for campus 
planning, these considerations have been long neglected. 
"Pedestrian street" means in this study a space used or 
occupied by the pedestrian-sidewalks and paths. It is the 
lowest grade concept in street space. On the I.S.U. campus, 
the pedestrian space is a major outdoor space. It connects 
every part of the physical environment of a campus. People 
walk in a multitude of places, in all degrees of propinquity 
with other walkers, and with great maneuverability. This 
profusion of possible situations makes it important to 
identify systematic viewpoints from which the pedestrian may 
be viewed. Facilities provided for pedestrian movements can 
be analyzed from the integral urban design compositions. 
In pedestrian design, its process requires formulating 
the patterns of activity for the pedestrian street, which 
determines the order and forms the campus. Its process 
requires seeking the order which creates form. To seek order, 
we can consider the campus as a system which has subsystems 
before dividing it into the detailed parts. The street can be 
a sub-system of the campus. To seek the order of this 
subsystem, formulation of a model of various street function 
is done. Provision is made for design criteria, which 
includes the space characteristics and the street furniture 
fitted to the activities of pedestrians according to the 
framework in Figure 1. 
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Data on urban pedestrian travel are very scarce. When 
available, this data might prove rather unreliable and 
difficult to compare to other data sets due to the diversity 
of data acquisition techniques. It is important to realize 
that the classical transportation planning process dealt only 
with automobile transport and was later improved to 
incorporate public transport in th3 standard two-mode 
sequential traffic demand model package (Uhlig, 1979, pp. 4-
7). Non-motorized transport trips like walking and cycling 
were excluded in these models which could not adequately deal 
with the difficulty of defining short trips and particularly 
with link~trips such as walking. Non-motorized travel demands 
and requirements are often identified in the early stage of 
the transport planning process in the problem perception and 
data acquisition phase. In general, non-motorized travel 
demands and requirements are lost in the analysis process as a 
result in the urban strategic plan and in the transport system 
plan, only to re-emerge at the site plan and short-term 
traffic improvement scheme. Survey of the amount of travel on 
foot has been made occasionally, and then typically referring 
only to small areas. Often data are gathered as incidental to 
a survey of motorized traffic and hence, are not in a form 
which is easily used for pedestrian planning (Ramsay, 1980, 
pp. 1-5). 
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Figure 1. Conceptual framework of study 
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Existing literature on the measurement of pedestrians 
deal with several aspects including the image or subjective 
map of an environment, characteristics of pedestrian flows, 
distances accepted by pedestrians, pedestrian safety, origin 
and destination over street networks, human path networks, 
models, separation of pedestrian from automobile traffic, 
examples and projects of malls and pedestrian districts and 
methods of counting pedestrians. 
This study focuses on pedestrian circulation and 
amenities as being most pertinent to the ISU campus through 
the analysis of pedestrian behavior, its environment, and its 
functions. It is hypothesized that the degree to which campus 
pedestrian space is filled with people can be calculated and 
predicted by formulating analogous models of the functions of 
pedestrian streets in I.S.U. campus environment. Such space 
should not be dimensioned abstractly but rather in relation to 
the number of people that can be expected to use them. Within 
the above scope, it is intended that an investigation be made 
of the methodology of campus design by observing the use of 
pedestrian space in the campus analyzing the relationship 
between human behavior and environment. The results may 
provide some design criteria for pedestrian amenities. 
Concerning functionalism, design professionals have 
focused upon form rather than function, which is based on user 
behavior. Such being the case, planning for pedestrians has 
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been neglected. Virtually the only attention paid to 
pedestrians was with respect to their physical safety, not to 
their comfort or amenity. This study views the pedestrian 
planning process (Figure 2) as a part of comprehensive I.S.U. 
campus planning for the campus movement system and improving 
the human environment for their comfort or amenity. 
For this purpose, the following four pedestrian planning goals 
are established. 
1. Walking should be physically, visually, and 
functionally comfortable. 
2. Walking should be enhanced by the attractive sequence 
of pedestrian environment. 
3. Streets should be shielded from the wind, shaded from 
the sun, and often protected from the rain. 
4. A network of campus streets should be well-organized. 
We need an understanding of the characteristics of campus 
pedestrian environments and of those environmental elements. 
Methods and Organization of the Study 
In order to analyze the multiple functions of the street 
which result from the various activities of pedestrians, it is 
the point of departure of this study that we conceive the 
street as a living space which can be basically formed by the 
relationship between an object and a human being where they 
participate. 
This thesis is organized as follows: 
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Define Goals 
1----- ---- ~ Objectives 
I 
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" 
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Figure 2 •. The pedestrian planning process 
[Source: Fruin (l971b) Fig. 6.1, p. 117] 
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Chapter I. An introduction and overview of the contents. 
Chapter II. An overview of the interrelation between 
pedestrian characteristics and pedestrian-related impacts is 
provided to serve as a theoretical basis for Chapter III. 
Chapter III. A detailed examination of pedestrian spaces 
on I.S.U. campus through three quantitative analyses. 
1. Random sample questionnaires (100 copies) which 
had the following purposes: 
a. To establish people's attitudes towards 
I.S.U. campus 
b. To make recommendations for future campus 
planning with comparing the present 
situation and their attitudes. 
2. Time-lapse photography (200 frames) which had the 
following purposes: 
a. mainly, to be used for pedestLian 
counting 
b. a microscopic analysis of flow 
characteristics and direction, to find 
unsuspected traffic flow conditions, 
pedestrian accumulations, average walking 
speeds, etc. 
3. Observation (total 10 hours), which had the 
following purposes: 
a. To observe and analyze how people react 
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and interact in a study area. 
b. To determine how people arrange 
themselves and criteria for choosing 
the site for this observational study 
is based on a relatively high density 
of people using the area during the 
course of the day and a diversity of 
activities occurring in the setting. 
Chapter IV. Some specific considerations that should 
be included in the process for planning and implementing 
campus pedestrian facilities. 
Chapter V. Conclusions. 
The actual phenomena of the pedestrian uses of Iowa 
State University walkways have been surveyed and observed to 
describe the present patterns of activity. The questionnaires 
were sampled for six categories, the time-lapse photography on 
two places, (Map 1) and the observation on one place in 
the Iowa State University campus to determine how environ-
mental variables affect the function of streets. They are 
done in relatively limited scope to identify the environmental 
concerns of pedestrians. Traffic volume surveys and tracing 
observation of pedestrians are carried out for identification 
of activities of people. 
The analysis of the survey data was done with respect to 
the variability of environment, the street functions, and the 
10 
. 
I"""f 
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activity patterns of the pedestrians on I.S.U. campus. 
The relationship among the three analyses provides 
pedestrian facilities design criteria which includes the 
characteristics of street space. Within this context the 
actual problems arising from the conventional concept that a 
street is a milieu of the transportation flow is evaluated. 
The Iowa State University Committee on the Use of Human 
Subjects in Research reviewed this project and concluded that 
the rights and welfare of the human subjects were adequately 
protected, that risks were outweighed by the potential 
benefits and expected value of the knowledge sought, that 
confidentiality of data was assured and that informed consent 
was obtained by appropriate procedures. 
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CHAPTER II. PEDESTRIAN-RELATED IMPACTS 
In this chapter, pedestrian convenience, comfort, and 
other attributes along with appropriate sub-topics such as 
human spatial behavior and weather, are discussed. The 
objective of this discussion is to provide insights into the 
pedestrian-related impacts, pedestrian system attributes, and 
the relationships between them. 
When modeling the condition of pedestrians, the formulas 
were developed to show the relationship between walking 
capacity and pedestrian convenience in terms of pedestrian 
speed, volume, module, and density. These formulas are 
summarized numerically. The study of psychological conditions 
includes the spatial concepts of pedestrians related to their 
territoriality, personal space, proximate relationship with 
the existing density of traffic, and relationships to their 
fellow walkers. Weather conditions also have been an 
important factor for pedestrian comfort in an environment. 
v-lind, temperature, sunshine, and humidity of Ames area were 
reviewed. 
The Traffic Flow and Space Requirements of Pedestrians 
Pedestrian walkway capacity is an essential factor 
influencing pedestrian movement and convenience, and, in turn, 
facility utilization. Insufficient consideration of the 
traffic flow and space for pedestrians has resulted in 
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inadequate design in many areas where pedestrians may be 
required to accumulate in large groups. If capaci ty is 
inadequate pedestrians--especially during peak hours--become 
crowded, which results in their movement impeded, causing 
walking speed to be slowed, and thus their trip time to be 
increased. Physical discomfort occurs and in general, the 
walker is inconvenienced. Instead, a pathway should reflect a 
balance between capacity and convenience that can maintain 
reasonable walking speeds and maneuverability for pedestrians. 
When this is done, impedance is reduced and pathway 
utiliza tion is enhanced by the pedestrian's own perception. 
Therefore, this section discusses measures of pedestrian 
walkway design and develops models for pedestrian flow and its 
space requirements. The basic formulas are utilized from the 
theory of hydrodynamics: 
Definition of traffic terms 
Flow volume of pedestrian volume; P 
(Unit: pedestrian/width/minute; PFM) 
The number of pedestrians passing a point in unit of 
time. This determines the width of the pedestrian way. 
Speed; S 
(Unit: feet/minute) 
The average speed of pedestrian passing through the 
section during the design interval. 
14 
Pedestrian Area Module; M 
The reciprocal of density square foot per pedestrian. 
Headway time or headway distance; H 
The time and distance separation between traffic units. 
Queue 
One or more traff ic uni ts wai ting for service due to an 
insufficient service level. 
The pedestrian flow equation 
According to the theory of hydrodynamics, 
flow (P) = average speed (S) x average density (P) • 
Therefore, 
Pedestrian Volume (P) Average Pedestrian Speed (S) = Average Pedestrian Area (M) ( 1 ) 
Pedestrian area and speed Pedestrian area and speed 
have the following equation: 
where 
B S = A - _ 
M 
A = free flow walking 
B = reduce speed, 
M = reduce pedestrian 
B 
speed with = walking 
M 
area. 
( 2 ) 
speed, 
area, and 
reduced or crowded pedestrian 
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B 
if A = ,not enough space to walk. 
M 
S 
s:: 
.r-l 
S 
........... 
4J 
4-l A 
'0 
Q) 
Q) 
0. 
U) 
tJ1 
s:: 
.r-l 
~ 
r-I 
!ij 
:s: 
Module (£t 2/ped) 
free flow walking 
speed 
Space mean speed 
M 
Figure 3. Pedestrian speed and walkNay area (P-M curve) 
Pedestrian speed and volume 
S 
P = 
B 
A - S 
= 
SA - S2 
B 
By Equation 1 and 2 
( 3 ) 
The maximum pedestrian volume by speed can be derived 
from Equation 3. Since 
dP A - 2S 
= = 0 dS B 
when A 
A2 
S = Pmax = 
"2" 4B 
P 
max 
P 
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- - ------. 
\ 
Pede Volume frequency distribution 
walking speeds 
• 
/ 
II 
---------------'c--->s 
--'-1 .7 
A 
2 
(Walking speed: 
ft/min) 
Figure 4. Pedestrian speed and volume (S-U Curve) 
Pedestrian volume and area By Equation (1) and (2) 
B 
P 
A - M 
= = M 
B 
when M , Po = 0 o - A 
when dP 
dM = 
-A 2B 
= 0 
when 
17 
2B A2 
Mp = if Pmax = A 4B 
d 2P 2A 6B 0 = = 
dM 2 M3 M4 
Mt 
3B if 
2A2 
= A Pt = 9B 
P (volume) 
P 
max 
~ 
I 
___ -1 ____ ~ 
I ---...... ...... 
f---------------·--~·\ / 
M 
o 
M 
P 
M (area) 
Figure 5. Pedestrian flow volume and area 
occupancy on wa!~ways 
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Summary of Formulas 
Table 1 is based on the assumption that pedestrian flow 
pattern is analogous to fluid flow in channels. Therefore, 
only theoretical pedestrian flow is explained in Table 1 and 
the individual pedestrian preferences and characters are 
ignored. The cultural, social, and psychological dynamics of 
walkways are not considered. Human spatial behavior and 
psychological distance between people will be discussed later. 
Table 1. Pedestrian volume, speed, and area 
Free-flow walking is maximum 
When volume is maximum 
When volume is zero 
Inflection point of Ped. 
volume distribution curve 
speed 
So = 0 MO 
2A 
St = Mt 
"3 
area volume 
B 
= Po = 0 A 
38 2A2 
= Pt = A 98 
However, from Table 1 we can generalize the pedestrian 
volume, speed, and area pattern at large. This study uses 
Table 1 as a standard of pedestrian flow and compares with the 
I.S.U. campus pedestrian flow. 
19 
Walking Capacity and Pedestrian Convenience 
Fruin (1971a) had developed a structured concept of the 
relation between walking capacity as expressed in terms of the 
pedestrian area module and pedestrian convenience as it 
relates to walking speed, potential for conflict and similar 
factors. Selected elements of this concept are shown in Table 
2 and 3. The obvious conclusion to be drawn from Table 2 and 
3 is that walking speed and the potential for movement 
conflict and physical contact are impedance factors which 
depend directly on pedestrian densities. In terms of pathway 
choice, other things being equal, pedestrians are likely to 
choose the pathway which adequately provides the ability to 
choose walking speed and avoid conflict. 
Human Spatial Behavior 
Human spatial behavior can take different forms, whether 
it occurs with individuals or groups. Many variables enter 
into spatial behavior. Among them are psychological 
variables, cultural factors, physical environmental factors, 
psycho-physical factors, etc. Generally, studies on spatial 
behavior fall into one or more behavior categories related to 
certain recurring spatial concepts, such as territoriality, 
personal space, or proximate relationships. Examples of units 
of analysis for the various categories named above include the 
number of aggressive acts or submissions, the frequency of use 
of certain locations, the distances maintained, the number of 
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successful contacts and sociometric measures. 
For the purpose of measurement, behavioral categories 
frequently are broken down into smaller observable units, such 
as greeting or normal communication as manifestation of social 
interaction. Such units of analysis represent overt behavior 
which can be recorded and quantified. Current research trends 
in the field of man-environment relations are partially based 
upon the fact that humans and animals structure their 
environment spatially. Originated from ethological studies 
with animals, an area of research has evolved which deals with 
the determinants of human spatial behaviors. Valuable insight 
was gained from observational studies on how animals define 
and mark t~rritorial boundaries, acquire and define ter~itory, 
and communicate and relate spatially to members of their own 
and other species. Some of the spatial behavior found in 
animals may still be operating in the human species, 
transmitted genetically from one generation to the next and 
acquired through social learning in developmental stages of 
the life cycle. 
Esser (1970, pp. 25-59) observed and rewarded territorial 
and dominance behavior. He found ordering and submission into 
a dominance hierarchy within the groups under study. One of 
the findings is that personal territories are intruded or left 
untouched by others. Under crowding conditions in public 
space, it is conceivable that such behavior could be observed, 
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if evasive action could not be taken by the subjects. 
Sommer (1969) stressed the importance of maintaining 
individual distance from other people to avoid "intrusion of 
personal space." In library studies, he observed the defense 
measures people used against invasion of private territory. 
His study leads to the conclusion that there are four major 
determinants of spatial behavior of individuals: The task of 
the group number, personality characteristics, the cultural 
background and the environmental characteristics of the 
setting. Sommer points out that there may be certain 
generalizable principles of human spatial organization based 
on the fact that the arrangement of sense organs for spatial 
perception is similar with all humans. 
Personal buffer zone 
Natural personal approach distances were measured between 
various participants and male and female subjects by various 
researchers such as Horowitz (1964, pp. 651-656) and Hall 
(1959, 1966). In the experiment where the personal comfort 
criterion was emphasized, participants were instructed that 
their distance to the subject was to be regulated to the point 
at which some personal discomfort about the proximity to the 
subject was experienced. In each of these experiments, 
approaches from different aspects of the compass were 
measured, and the resultant buffer zones delineated. In each 
case where the personal comfort criterion was not emphasized, 
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the buffer zones ranged between 2.4 and 2.8 square feet in 
area, a slightly larger area than the design ellipse, 2.3 
square feet, for subway cars or elevators. 
Where personal comfort was emphasized, a wider variation 
in body buffer zones was discovered with both male and female 
participants selecting larger inter-personal separations from 
male subjects. The buffer zone around the female subjects 
ranged between four and five square feet in area, and around 
male subjects between eight to nine square feet. The larger 
buffer zone selected around the male subjects was interpreted 
as the inherent recognition of potential male aggressiveness. 
This is in keeping with an "arms reach" separation. As a 
point of reference, an opened women's umbrella, 30 inches in 
diameter, covers an area of about five square feet, and an 
opened men's umbrella, 42 inches in diameter, an area of about 
ten square feet. 
Hall (1966, pp. 113-129) pointed "space bubble"--
"buffer zone"-- out when observing the spatial interaction 
patterns of people. The "space bubble" surrounding the 
individual varies with the cultural proxemic context as Hall 
has shown. A violation of proxemic distance results in 
Conflict Situation Proxemics which is a phrase coined to 
describe four principal categories of relationship among 
people which spatially require different treatment. These 
relationships (intimate, personal, social, and public) are 
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associated with various zones of involvement indicating the 
boundaries and distances which are maintained among people. 
Intimate Distance (Far; 6-8 inches, close) 
the sounds, heat, and smell of the other person are 
all perceived and involuntary body contact may be 
difficult to avoid, 
making this distance visually uncomfortable for some 
persons, 
the use of this distance in public is not considered 
proper for some persons. 
Personal Distance (Far and close) 
Far; 2.5 - 4 feet 
easy hand-shaking or touching distance, 
detect the fine detail of complexion, teeth condition, 
and personal cleanliness, 
often smell breath odor and the use of colognes. 
Close; 1.5 - 2.5 feet 
bodily contact can be avoided, but contact can easily 
be made by minor extension of the extremities, 
perceive some body and breath odors. 
Social Distance (Far and close) 
Far; 7 - 12 feet 
formal business and conversation, 
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the finest details of the face are not yet discernible 
but somehow detectable, 
able to see the full length of the other human figure 
by a level 60 degree gaze 
Close; 4 - 7 feet 
casual social gathering, impersonal business, 
considerable facial detail of skin texture and hair 
condition. 
Public Distance (Far and close) 
Fari 25 feet or more 
very little of the personal detail of others can be 
detected, 
oral communication should be loud with exaggerated and 
stylized enunciation. 
Close; 12 - 25 feet 
the probable range of the human "flight" zone wherein 
an alert subject can take evasive or defensive action 
if threatened, 
not facial details but facial expressions are 
detected. 
Pedestrian Behavior in Public Places 
Pedestrian observation made by Wolff (1970, p. 66) showed 
cooperative behavior among fellow walkers in crowded 
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Figure 6. Human buffer zone 
(Hall, 1966, pp. 113-129) 
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situation. Wolff was mostly interested in those movements 
which pedestrians made to avoid bumping into each other. He 
found that pedestrians cooperated and were forced to follow 
sidewalk rules and to adopt their spacing to the existing 
density of traffic, with resulting changes in walking style 
and relationships to their fellow walkers. Wolff's study is 
significant in two ways. First, his findings suggest that 
rules for acceptable social behavior are followed voluntarily 
by most pedestrians in order to avoid conflict in density 
situations of varying degrees. This requires modification in 
spatial behavior. The less space is available, the more 
cooperation is necessary. Secondly, the methods employed by 
Wolff gathering his data used participant observation and 
moving reco~dings. By taking movies from above, the 
pedestrian movement patterns could be investigated in detail 
by analyzing the film frame by frame. The spatial 
distribution of the sidewalk users could easily be mapped as 
a first step to quantification of observed behavior. 
Weather 
One of the most important determinants of pedestrian 
walkways use on I.S.U. campus is the weather. In a survey 
reported by Maring (1972), respondents were asked to rank 
those factors that discourage them from walking. The results 
of this survey are shown in Table 4. The "others" category 
includes distance, time, laziness, lightning, health, and 
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shopping bundles. 
Interestingly, safety, as implied by the heavy auto 
traffic category, and convenience, implicit in the lack of 
adequate sidewalks, and the other categories does not rank 
high on the pedestrian list. A disregard by the pedestrian 
for his own safety has often been noted, but convenience has 
been shown to be an important factor in pedestrian choice even 
if the pedestrian is not cognizant of it. Of particular 
interest is the high importance accorded weather protection 
and security by virtue of the results in Table 4. 
Table 4. Ranking of factors that discourage walking 
(Source: Maring, 1972, p. 19) 
Factor 
Rank 
Factors that discourage walking (number of responses) 
Lack of Heavy 
Unfavorable Crime adequate Auto Smog or Others 
weather sidewalk Traffic pollution 
------
1 26 37 o 3 0 16 
2 24 17 1 6 4 6 
3 5 2 6 11 7 2 
4 3 3 4 4 6 2 
5 1 2 7 2 6 0 
6 o 2 3 2 1 0 
For about two-thirds of the year, the weather of the 
I.S.U. campus is sufficiently cold, hot, cloudy, windy, rainy, 
or a combination of the foregoing, to make pedestrians' outdoor 
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space uncomfortable except as places to walk on the way to a 
destination. A policy decision on a pedestrian planning must 
face the question whether pedestrian outdoor spaces that will 
be comfortable weather for only one-third of the year are 
justified for I.S.U. campus. Therefore, it is necessary to 
investigate some aspects of climate that must be considered 
and the possibilities of shelters for pedestrians during bad 
weather. It is also important that expertise and knowledge of 
climatologists be used in planning outdoor space. 
Wind, speed and turbulence 
The wind is a negative impact on discomfort on the usage 
of pedestrian walkways on the I.S.U. campus. Although the 
mean wind speed at a given height is reduced as the ambient 
wind approaches a build-up area--like the I.S.U. campus--from 
over open country, the intensity of turbulence can be 
increased greatly due to localized effects of building 
geometry and location vis-a-vis adjacent buildings. For 
example, a passageway, such as an arcade or alley, through the 
base of a high-rise building will create strong winds as the 
air moves from the high pressure zone on the windward side to 
the low-pressure zone on the leeward side--the Venturi effect 
(see Appendix A). Penmarden and Wise (1975, p. 5) say that it 
is typical for wind speeds to be increased in such situations, 
which is much increase in force for a pedestrian to face. 
Various researchers have developed criteria for 
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evaluating wind conditions in terms of human comfort. 
Penmarden and Wise (1975) and Wardlaw and Hilliams (1982) 
found how wind affect pedestrians at different speeds (Figure 
7 ) • 
Table 5 shows that the monthly mean speeds of the Ames 
area wind are over 11 mph from November to May. This means 
that the wind during seven months of a year, passing from the 
northwest United States through Iowa, annoys a pedestrian on 
the I.S.U. campus. 
The acceptable levels of wind speeds are lower for 
various passive pedestrian activities and higher for active 
functions. Although a higher Northwest speed is expected for 
winter on the I.S.U. campus--more than the annoying level, 11 
mph--in general, a higher speed is allowed for summer and the 
acceptable wind speeds are lower for winter period because 
people are sensitive to lower temperature. 
Table 5. Degree of turbulence by wind (Wardlaw and Williams, 
1982, p. 30) 
---------------------------------------------------------------------_. 
11 mph 
22 mph 
28 mph 
33 mph 
44 mph 
begin to be annoying 
troublesome for some people, disagreeable 
impossible to function normally 
difficult to keep their eyes open 
likely to be dangerous 
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At a more refined level, further research is required to 
account for the acceptability of wind speeds based on the 
response by I.S.U. campus users who have experienced a campus 
microclimate. In addition, the standards of Table 6 should 
include the frequency of occurrence over different lengths of 
time to relate the wind velocity to an acceptable level of 
various activity. The wind force is compared with hill slopes 
in Table 7. 
Temperature, humidity and sunshine 
In half of the years, the summer temperature will reach 
99°F or higher and winter minimum will fall to -18°P or lower 
at Ames. Although Table 8 shows that there is an average of 
26 days above 90°, temperatures are read in the shades. 
People feel a higher temperature with the combination of 
humidity and sunshine. 
Relative humidity averages about 70% ranging from around 
85 or 90% at about 5:00 a.m. to from 40 to 60% at mid-
afternoon. The most humid of the summer months is usually 
August (Table 9). Sunshine varies from about the 48% 
possible in December to 75% in July (Table 10). 
Therefore, the average freeze-free season is only 163 
days extending from April 30 to October 10 and the average 
sunny or clear day is only 104 days a year. Facilities for 
weather protection should be conceived, planned, and 
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Table 6. Wind of Des Moines and Ames area (Source: U.S. 
Weather Bureau) 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Year 
Average length 
of record (years) 
Mean Speed 
(mph) 
11. 7 
11.7 
12.9 
13.0 
11. 3 
10.3 
8.9 
8.7 
9.4 
10.4 
11.5 
11.4 
10.9 
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Average Speed of 
1983 mph 
11.6 
10.1 
11.6 
11.2 
10.6 
9.5 
8.9 
8.2 
9.9 
10.3 
11. 9 
10.9 
10.4 
1 
Prevailing 
direction 
NW 
NW 
N\'I 
SE 
S 
s 
s 
s 
s 
NW 
NH 
NW 
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Table 7. Hill slopes and wind speeds demanding the same 
exertion from pedestrian (Page, 1976, p. 45) 
Hill Slope 1/20 
Wind Speed (mph) 1/20 
1/10 
1/10 
1/7 
1/7 
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Table 9. Ames humidity (Source: u.S. tveather Bureau) 
R e 1 a t i v e h u m i d i t Y (Hour) 
00 06 12 18 
January 74 75 67 68 
February 76 78 66 66 
March 73 78 61 60 
April 70 77 56 53 
May 70 77 55 52 
June 72 79 55 53 
July 75 81 57 56 
August 78 84 58 58 
September 78 84 59 60 
Octobe'r 72 78 55 57 
November 75 78 63 66 
December 77 79 70 71 
------------- -- --~---
Year 74 79 60 60 
Average length 
22 22 22 22 of record (years) 
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Table 10. Sunshine (Source: U.S. Weather Bureau) 
Mean number of days 
Sunrise to sunset 
Mean sky cover 
% of Possible Sunrise to sunset clear partly cloudy 
Sunshine (0 - 10 scale) cloudy 
January 50 6.6 8 6 17 
February 53 6.5 8 5 15 
March 54 6.9 7 7 17 
April 55 6.9 7 8 15 
May 60 6.5 7 9 15 
June 68 5.8 8 11 11 
July 72 5.3 10 12 9 
August 70 5.2 11 10 10 
September 66 5.1 12 7 11 
October 63 5.3 12 7 12 
November 49 6.5 7 7 16 
December 45 6.9 7 6 18 
Year 60 6.1 104 95 166 
*a 33 34 34 34 34 
aLength of record, years, through the current year unless 
otherwise noted based on January data. 
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implemented to overcome the impedances of walking as 
perceived by the pedestrian himself. 
Weather protection 
As noted in Table 4, people may view unfavorable weather 
as a factor that discourages walking. Intuitively, the 
provision of cover of closure will encourage walking by 
providing pedestrians with the comfort and benefit of some 
degree of climate control. Obviously, the provision of 
weather protection has to be balanced against need. In mild, 
arid climates, the need for cover or closure diminishes. In 
the vast majority of urban settings including the I.S.U. 
campus area, however, precipitation and extremes in 
temp~rature will create the need for some form of weather 
protection. 
Pedestrians naturally desire protection from weather 
extremes. This desire has been documented in several 
studies. 
Lovemark's (1972) Study: 
a drop in temperature from 77°F to 23°F will reduce 
the number of shopping pedestrians by 50%, 
under similar conditions pedestrian business trips 
will be reduced by 25%, 
a light rain (1 mm/hr) has effects similar to the 
temperature drop noted above. 
Hoel's (1968) Study: 
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in Manhattan, New York where it rains approximately 
11.2 % of the day-light hours and is uncomfortably 
hot or cold about 22 % of the time, pedestrian flow 
on surface street is reduced 25-30 %, 
much of it being diverted underground where practical, 
a study of the variation of pedestrian travel rates 
as a function of ambient temperature produced the 
result shown in Figure 8. 
Implementation 
1) The partial or total enclosure of pedestrian activity 
space, particularly in the winter season; most I.S.U. 
campus spaces are either all outdoors or all indoors; 
more could be done to encourage in-betweens. With the 
use of glass canopies or small pavilions, for example, 
semi-outdoor spaces could be created that would be 
usable in all but the worst weather. 
2) The modification of the building form; the wind 
turbulence on I.S.U. campus can be controlled by the 
presence of the buildings and other structures. 
Buildings should be wind-tested before their shapes 
are fixed. 
3) The subsequent landscaping of the site to baffle or 
redirect wind. 
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Summary 
Pedestrian-related impacts have been reviewed as a 
theoretical basis for the quantitative analysis in chapter 
III. The physical and psychological conditions of 
pedestrians for their convenience and comfort includes its 
flow characteristics, territorial behavior, and weather. 
These concepts will be applied in a real setting, Iowa State 
University campus pedestrian space. 
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CHAPTER III. METHODOLOGY AND CASE STUDY 
ON THE I.S.U. CAMPUS 
Introduction 
In identifying the problems of pedestrian planning at 
the I.S.U. campus, one problem is a discrepancy between a 
situation as a pedestrian-user on the I.S.U. campus perceives 
a pedestrian space to be and what he or she thinks a 
pedestrian space ought to be. It is also important to 
differentiate between perceived problems and perceived 
solutions. To bridge the distance between a problem and a 
solution, it is often necessary to study the pedestrian 
environment of the Iowa State University campus objectively 
and ~ystematically. 
In this instance, it is necessary to determine how 
pedestrian spaces on the I.S.U. campus are actually utilized 
through time-lapse photography, observations and 
questionnaires. 
The pedestrian-user analysis techniques can be 
summarized by the following: 
I. Film techniques 
A. Time-lapse 
1. 
a. Pedestrian profiles 
b. Pedestrian densities 
c. Pedestrian activities 
• 
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d. Approximate length of stay or 
activities 
3. Movement Patterns/tracking 
a. Pedestrian profiles 
b. Visual perception of patterns 
c. Comparison of pathways 
d. Pedestrian activities 
e. Length of stay or activities 
4. Activity Inventory 
a. Where activities occur 
b. How facilities or amenities are used 
B. Single-frame 
1. Environmental inventory 
a. National features 
b. Built features 
2. Facility inventory 
C. Documentary movies 
1. Environmental inventory 
2. Activity inventory 
II. Direct observation techniques 
A. Systematic Observation 
1. Volume/counting 
a. Pedestrian profiles 
b. Facility and amenity use 
c. Pedestrian volumes 
B. 
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d. Context 
2. Distribution/Mapping 
a. Pedestrian profiles 
b. Pedestrian densities 
c. Pedestrian activities 
d. Context 
3. Movement/tracking 
a. Pedestrian profiles 
b. Pedestrian activities 
c. Comparison of pathways 
d. Length of stay or activities 
e. Context 
Inventory • 
1. Activity inventory 
a. Where activities occur 
b. How facilities or amenities are used 
2. Environmental inventory 
a. Natural features 
b. Built features 
3. Facility inventory 
4. Problems 
5. Needs 
6. Suggestions 
7. Satisfaction 
8. Activities 
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9. Etc. 
C. Questionnaires 
1. Demographic information 
2. Problems 
3. Needs 
4. Suggestions 
5. Activities 
6. Etc. 
IV. Miscellaneous 
A. Relationship between facilities 
B. Circulation 
C. Counts 
D. Recording question 
E. Etc. 
Time-lapse Photography 
This method can be used effectively in many situations 
where prolonged observation of an area is needed. Using film 
is like using any other data collection tool. It has been 
effectively used for pedestrian counting. Time-lapse 
photography study has a number of significant advantages. 
First, it provides a permanent record that can be referred to 
again, to obtain additional data or to illustrate specific 
conditions to other interested parties. Second, it allows a 
microscopic analysis of flow characteristics and direction, 
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often giving insights into unsuspected pedestrian flow 
conditions. Third, when the time-lapse method is used for 
street surveys, it can supply a variety of supplementary data, 
such as pedestrian accumulations at crosswalks, average 
pedestrian walking speeds at different traffic concentrations, 
and the effect of weather or other transit conditions. 
Fourth, with a camera speed of one frame each of a certain 
number of seconds, a camera can provide a certain hour sample 
of pedestrian traffic conditions. Fifth, in some instances, 
photographic data collection can be done using fewer 
personnel. Data can be collected by one person. 
In this study, time-lapse photography is for three 
general categories of information about the volume of people, 
about- their distribution throughout the study area, and about 
their movement patterns. Each of these categor:-ies can be 
further:- broken down according to the level of detail of 
information needed. For:- instance, the total volume of people 
entering a facility like a library can be counted. 
Information about volume is gathered by counting people 
as they pass a designated r:-eference point. Information about 
distribution is compiled by mapping the locations of people in 
a given area at regular:- time inter:-vals. Infor:-mation about 
movement patterns is compiled by·tracking. 
The equipment prepar:-ed for this method were a regular:-
35mm camera wi th a telescopic lens and a wider:- angle lens, 6 
47 
rolls of 36 exposure black and white films with IS0125, a 
tripod, a stop watch, and a time schedule. 
Survey conditions 
1) Date: 1985.4.2 
Place: Pedestrian walkways at the south of I.S.U. main 
library. 
Weather: Mostly sunny with a high of 57. Winds were 
light and steady out of the southwest at 5-
10 mph. 
2) Date: 1985.4.17 
Place: Pedestrian walkways between the Heady Hall and 
the Dairy Science building. 
Weather: Mostly sunny, windy and warm with highs in the 
low 80s. Winds were from the south at 25 mph. 
Choosing ~ camera location 
A camera location that will provide a moderately steep 
vertical angle is usually best for collecting information 
about volume and the distribution of people. Almost any 
angle, from very flat to very steep, will serve, as long as 
the images are clear. The steeper the angle, the less likely 
it is that small images obscure each other. It is also true 
that the closer the camera comes to mining the area in plan, 
the more accurate the information will be. 
Although it is best, but not absolutely necessary, to 
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locate the camera so that the main flow of movement is 
diagonal, the only thing that has been concerned in choosing 
the direction from which the camera will view the area for 
this study is obtaining a clear line of sight. The location 
is dependent on the availability of vantage points high 
enough to provide a view of the study area. The camera was 
set at the 4th floor of library viewing to the south and at 
the 3rd floor of Heady Hall, Economics Reading Room, viewing 
to the north. From the library, a long narrow turn out was 
viewed from one end vertically instead of from across the 
road. From the Economics Reading Room, the camera was set to 
count subjects moving horizontally. 
Although this study located the camera horizontally and 
vertically in order to get a wider view, a diagonal flow 
could allow setting a longer internal and use less film than 
a horizontal flow, and it could lessen the causes that images 
obscure each other, as they often do when movement is 
vertically toward or away from the camera (Figure 9). 
Measurements 
The measurements of pedestrian density and speed can be 
explained by Figures 10 and 11 and the steps are following: 
1. Densi ty 
a. Count the total number of pedestrians between 
line A and line B. 
Figure 9. 
49 
horizontal 
• 
Apparent direction of movement (subject moving 
horizontally moves farther across the screen 
between two frames than those moving diagonally, 
even though all are moving at the same speed) 
50 
lineA 
Figure 10. Pedestrian movement at 0 second 
51 
Figure 11. Pedestrian movement at 3 seconds 
52 
b. Measure the total area of pedestrian walkways 
c. 
between line A and line B with a tapeline. 
a 
o 
2. Walking speed 
a. Point several pedestrians who are walking from 
the edge to the center of study area. 
b. Check the location of each pedestrian on the 
second picture after a certain time: 10 
seconds for the area in front of the main 
library and 3 seconds for the area between the 
Heady Hall and the Dairy Industry building. 
c. Repeat b) procedure for the third picture. 
d. Measure the distance between the surface lines 
13 feet, 8 feet) and draw the location of any 
existing artifacts or tree to help to pin-
point the pedestrians. 
e. Measure the distance each pedestrian moved 
between zero second and 10 seconds (or 3 
seconds, between 10 (or 3) seconds and 20 (or 
6) seconds. 
f. Average those distances. 
g. f x 6 = pedestrian walking speed (feet per 
minute) at a specific time and density. 
'
0
 
(])
 
(])
 0..
 
U
l 
32
0 
30
0 
28
0 
26
0 
24
0 
y 
~"
 
I 
o
 
20
 
"
 
SP
EE
D 
AN
D 
V~
LU
ME
 
~
 ~
 
-
-
-
r-
--
-
-
,
-
-
-
-
-
-
-
-
-
-
r-
--
--
--
-
I 
40
 
60
 
80
 
10
0 
V
ol
um
e 
F
ig
u
re
 1
2
. 
P
e
d
es
tr
ia
n
 s
pe
ed
 a
n
d 
v
o
lu
m
e 
a
t 
li
b
ra
ry
 
-
-
>
x 
lJ1
 
W
 
y A 
4
0
-
36
 -
'2 
32
 J 
~ 
I 
U)
 
I I ! 
28
 _
J I 
24
 
I I o
 
8 
r-
--
-
16
 
24
 
V
ol
um
e 
SP
EE
D 
AN
D 
V~
LU
t1
E 
1-
--
--
_
. 
3
2
 
r-
--
>
 
X
 
-
10
 
F
ig
u
re
 1
3.
 
P
ed
es
tr
ia
n
 s
pe
ed
 a
n
d 
v
o
lu
m
e 
a
t 
H
ea
dy
 H
al
l 
U1
 
~
 
55 
Results 
Tables 11 and 12 are obtained in surveys of 601 
pedestrians at the south of the I.S.U. main library and 160 
pedestrians passing between the Heady Hall and the Dairy 
Science building. The results show variances in pedestrian 
speeds which are correlated with the time of the day, 
traffic density and outside temperatures. 
Pedestrians vary their walking speeds over a wide range. 
On the basis of these surveys, average free-flow walking 
speed for the combination of all pedestrian surveys were 277 
feet per minute at the south of I.S.U. main library and 315 
feet per minute at the walkways between the Heady Hall and 
the Dairy Science building, respectively. 
Assuming the results of the two pedestrian surveys were 
representative of the normal pedestrian population 
distribution (Figures 14 and 15), a statistical inference may 
be drawn that almost all pedestrians have free-flow walking 
speeds faster than 200 feet per minute and that speeds below 
this level constitute restricted human locomotion and not 
normal walking on I.S.U. campus. Conversely, the same 
statistical inference would indicate that walking speeds 
above 400 feet per minute is not normal. 
These studies confirm that there is a great deal of 
potential variability in individual free-flow walking speeds. 
Psychological factors, reaction to environment, traffic 
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composition, and trip purpose could all contribute to each 
pedestrian's selection of his unimpeded free-flow speed. 
The other determinant of pedestrian walking speed is 
traffic density. As discussed in the previous chapter, 
normal walking requires sufficient area for unrestricted 
passing, and for sensory recognition and reaction to 
potential obstacles. As traffic density increases, 
pedestrian speed is decreased (Figures 12-17). As a result, 
all pedestrian speeds tend to have less variability as 
increased crowd density restricts the ability to bypass 
slower-moving pedestrians, and to select their desired 
walking speed. Psychological studies of pedestrian behavior 
have shown that pedestrian interactions, such as eye contact, 
spee~ and direction tracking, and evasive maneuvering, occur 
at inter-person distances of up to 25 feet, with average 
pedestrian area per person. However, traffic density has 
relatively little impact on individual walking speed on 
I.S.U. campus. Fruin (1971, p. 7-8) says that walking speed 
is effected if traffic density is over an average pedestrian 
area occupancy of about 40 square feet per pedestrian. The 
results of time-lapse photography analysis of pedestrian flow 
on both pedestrian spaces never reached traffic density less 
than 40 square feet per pedestrian. Figures 16, 17, 20, and 
21 illustrate the effect of increased traffic density, or 
decreasing area occupancy, on pedestrian walking speeds, 
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confirming the equations more general applicability in the 
previous Chapter 2. It means that pedestrians space is 
sufficient enough in terms of the general capacity standard, 
but their demand for comfortable pedestrian walking space is 
larger. Pedestrian traffic density became 25.6 square feet 
per pedestrian just once through a whole time-lapse 
photography and 42 square feet per pedestrian was the second 
highest traffic density. Both of them were at the pedestrian 
walkway between the Heady Hall and the Dairy Science 
building. The results of a time-lapse photography at the 
south of the main library show that traffic density is 
between 80 and 2392 square feet per pedestrian. 
Figure 18 shows that pedestrian. volume is the highest 
at about 12:00 p.m. Near the library area, volume during 
50 minutes class-time is significantly different from the 
10 minutes break time. Near Heady Hall, pedestrian volume is 
higher between 8 a.m. and 10 p.m. (Figure 19). 
Pedestrian volume, or the number of persons passing a 
given point in a unit of time, is the important walkway design 
parameter. If traffic demand exceeds the capacity of a 
walkway section, crowding, uncomfortable shuffling locomotion 
and delay will result, producing a poor pedestrian 
environment. According to the results of this time-lapse 
photography, however, the walkway section on I.S.U. campus is 
sufficiently wide to allow for normal walking convenience and 
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avoidance of conflicts during all the expected fluctuations 
in traffic demand so that a favorable environment is created 
in terms of its capaci ty. Pedestrians' demands on the 1.S.U. 
campus, perhaps, are more than its capacity. Its demand 
would appear to establish a better psychological climate, 
organization and aesthetic appearance. 
As Figures 16 and 17, Pedestrian Speed and Module, 
showed, normal free walking speed increases as more area is 
available. Average pedestrian areas beyond about 147, 90 
square feet per person were required before near-normal, 
free-flow walking speeds, 277, 315 feet per minute could be 
obtained. Pedestrians' traffic volume, on the other hand, 
is inversely proportional to pedestrian occupancy. Flow 
volume increases as pedestrian area increases, although it 
never reached a critical point where locomotion becomes so 
restricted due to lack of space that flow volumes begin to 
decline. There fore, this study on 1.S. U. campus could no t 
find this maximum flow volume which occurs at or near this 
critical pedestrian area occupancy in order to use it as a 
basis for design. Since the designer is more concerned 
with the qualitative aspects of the design of walkways, his 
attention should be directed to the human requirement for 
the I.S.U. campus pedestrian space itself, not only in 
terms of the area available for normal locomotion, but in 
terms of the pedestrian's visual and psychological 
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interaction with his environment. The desirable pedestrian 
environment allows sufficient and well organized space for 
the pedestrian to choose, independently, his own relaxed 
walking speed and paths, to bypass slower pedestrians if 
desired, to avoid conflicts with oncoming or crossing 
pedestrians, and to interact visually with his surrounding, 
using the full range of his visual capabilities. 
Observation 
The best way to find out how sidewalks and surrounding 
open spaces serve people is to look at their use in a 
systematic way. The scientific value of direct and active 
observation of behavior in real world settings has been 
stressed by various researchers like Proshamsky, Ittelson, 
and Rivlin (1976). The assumption is that people's behavior, 
if observed over a period of time adequate to allow for 
repetition of actions by large numbers of people, will reveal 
significant information about their preferences and user 
patterns. 
When most people walk around campus, they do not notice 
much of what is happening: Who is on campus, where people 
are socializing; where most people are; and other questions 
relating to how people actually use a pedestrian space and 
surrounding outdoor space. 
Systematic observation techniques are simply tools which 
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allow us to focus attention on issues and problems that might 
otherwise be overlooked, and help us to better understand 
more fully the extent or severity of a problem. Systematic 
observation as a research technique is evolving among 
researchers of human spatial behavior. Random time sampling 
in connection with exact locational records made on prepared 
grid sheets and notations of postural behavior allow for 
quantified data analysis. An earlier attempt in this 
direction had been made by Jones (1969) in the ethological 
study of social behavior of nursery school children. 
Ethological concepts were the basis for this observation of 
behavior in a public space of the I.S.U. campus. It was 
assumed that certain forms of territorial behavior, proximity 
relationships and density conditions (see Chapter 2) would be 
found among the users of the study area, the south outdoor 
space of the 1.S.U. main library (Figure 22). By combining 
such ethological principles with effects of physical 
environment on behavior, it was observed that some behavior 
categories were most likely to be tied to a given set of 
environmental conditions not evenly distributed in outdoor 
space. 
Procedure 
Major steps "involved in the study follow: 
a. survey of the Iowa State University campus for active 
places with informal outdoor behavior. Selection of 
73 
Figure 22. The south of the I.S.U. main library 
74 
LIBRARY 
Section' Section If' 
N 
+ 
--._~! Inches 
100 300 
Figure 22. (continued) 
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Section I 
Figure 22. (continued) 
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Section II 
Figure 22. (continued) 
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Section III 
Figure 22. (continued) 
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the site for this study; 
b. establishment of the behavior repertoire for the 
setting, as well as an activity profile for an 
average day; and 
c. recording of behavior events in preestablished 
categories on standardized data sheets and maps of 
the plaza; 
d. quantitative analysis of recorded data. 
An observational photographic pilot study was conducted, 
surveying the campus of I.S.U. for places where students 
gather and spend time in solitary and interactive activity. 
Those places where the observed amount of activity was 
relatively high were considered for further evaluation. 
Eventually, the outdoor space south of the I.S.U. main library 
was chosen as the site for this study. It combined the 
advantage of relatively large numbers of users at the main 
entrance to the library. The fact that the functions of the 
library (Table 13) and the Hub generated a large number of 
pedestrians; unstructured and informal leisure time behavior 
was most likely to be found in this setting. 
The study was carried out in April and May of 1985. At 
this time of the year informal outdoor activity on the 
university campus was expected to reach highest intensity. 
Then, it permitted the identificfation of informal activity 
places and their environmental characteristics. 
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Table 13. Total number of library users in 1984-1985 (Exit 
count) 
Year Month Count 
1984 January 116,537 
February 231,487 
March 196,774 
April 235,341 
May 164,115 
June 81,521 
July 98,669 
August 78,350 
September 252,317 
October 298,526 
November 257,943 
December 192,716 
1985 January 149,273 
February 251,826 
March ~21,O10 
April 259,911 
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Basic to the construction of a standardized data 
recording sheet was the establishment of a behavior 
repertoire for the outdoor space. Observations of setting 
were made for two days and occurring behavior was described. 
Written down in longhand as brief sentences, these behavioral 
descriptions were grouped into distinct observable behavioral 
categories, such as stationary behavior or movement. There 
were further breakdowns into more subtle units describing 
body posture and activity the subject was engaged in. 
Data sheet (Figure 23) for the observation of the 
outdoor area in front of the I.S.U. Library was designed to 
record three basic dimensions of ongoing activity. 
1. The temporal dimension: the time of occurrence, 
the frequency and duration of behavior events. 
2. The spatial dimension: the locational data on 
stationary events as well as moving subjects. 
3. The behavioral dimension: body posture, type of 
activity, etc. 
Due to the observation setup, only the numbers of the 
observed subjects could be identified and recorded. For 
events not provided in the preestablished categories on the 
data sheets a comment columns allowed additional explanatory 
remarks. The data sheet was broken down into two parts. 
1. A data code sheet was designed for recording 
behavioral categories which included the following: 
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Date: Temperature: 
Time: Weather: 
1. Observation # 
2. Location 
3. # of subjects 
4. Halking 
5. Running 
6. Riding 
7. Talking 
8. Studying 
9. Eating 
10. Solitary 
(non-active) 
11. Socializing 
12. Playing 
13. Sitting 
14. Standing 
15. Lying 
16. Leaning .... _________ _ 
17. Squattin~ 
18. Comments 
Figure 23. Data sheet for the observation 
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walking, running, riding, talking, studying, eating, 
solitary--non-active, playing; postural categories: 
sit, stand, lying, leaning, kneel, squat. 
Additional categories included date, time, weather, 
temperature, observation number, coded location of 
observed event and number of subjects observed. 
2. A grid map of the outdoor space was provided for 
location observation. A grid pattern in the 
pavement of the outdoor space aided in identifying 
location of subjects. 
In a typical observation, the mapping data were recorded 
first before the observers went on to fill out the behavioral 
categories of observed events in the data sheet. A 
behavioral event was defined as any individual or group of 
time or more subjects occupying an identifiable territory. 
Observations were made at five-minute intervals. It was 
established in pilot observation that five minutes were 
necessary to complete the data sheets between observations. 
Like in a frozen picture, observations attempted to capture 
the activity in the study area at a given point in time. 
Observations took place over a period of two weeks, with each 
day and hour of the week being represented at least once. 
The observations took a total of ten hours and were 
relatively comprehensive in terms of coverage of the various 
time periods. One observer could only take recordings of 
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data for periods of one to two hours at a time. 
The observer was stationed at the third floor of the 
main library across the street in order to get a good sight 
and remain as unobtrusive as possible. From that vantage 
point, the entire study area could be observed except the 
place near the entrance of the library. All the observer 
needed to make the observations was a clipboard, pencil, a 
match, all the forms photo-duplicated, and a stop watch. The 
observation steps were: 
1. check and start the stop watch, 
2. write down the beginning time at the top of the 
form, and 
3. immediately record all the activities that are 
taking place. 
Macrotemporal dimension 
Most observation took place on weekdays. The individual 
observations can be gained to show a typical day of activity 
in the study area. Morning hours up to 10:00 a.m. were only 
casually observed with no mapped data due to the fact that 
the outdoor space in front of the main library is nearly 
without activity. From 10:00 a.m. until about noon, activity 
is sporadic with movement being the dominant king of 
activity. After lunch this activity pattern changes as more 
movement occurs on the study area but, more significantly, 
84 
the level of stationary activity rises considerably. Up 
until approximately 3 p.m. a peak activity record occurs and 
a relatively high level of activity may continue for another 
half hour after 6:00 p.m., but then the activity begins to 
pick up again and climbs considerably for moving conditions. 
Observations were made casually until 8:00 p.m. 
Analysis 
There are mainly four steps to analyzing the data. 
1. Transfer the data sheet information to location 
summary form (Figure 24), computing the total 
number of individuals, the total number of groups 
and activities. This allows comparison of 
variations over time at one location. At the 
bottom of the form, total columns and compute the 
percentages of individuals for numbers and 
percentages of groups for activities. Percentages 
for each time period can be compiled. 
2. Transfer the total line of the location summary 
form to the appropriate line on the final summary 
form (Figure 25). This form allows us to compare 
different locations within the study area. 
3. Using a graphic overlay system, a two-step 
procedure was employed to analyze locational data 
on movement and stationary activity. First, all 
mapped data for each observational period were 
Location 
1. Observation # 
2. # of subjects 
3. Halking 
4. Running 
5. Riding 
6. Talking 
7. Studying 
8. Eating 
9. Solitary 
(non-active) 
10. Socializing 
11. Playing 
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12. Sitting ~~~~~~~--------------.-----------------------------.---------
13. Standin~ ______________ _ 
14. Lying 
----------
15. Leaning 
16. Squatting 
-------------------
Figure 24. Location summary form 
1. Location 
2. # of subjects 
3. Walking 
4. Running 
5. Riding 
6. Talking 
7. Studying 
8. Eating 
9. Solitary 
(non-active) 
10. Socializing 
11. Playing 
12. Sitting 
13. Standing 
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14. Lying --~~~~~------------------------------------------------------
15. Leaning 
16. Squatting 
Figure 25. Final summary form 
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transferred into one map, showing clearly the 
differences in the amount of use of certain parts 
of the plaza at different time periods (Figure 26). 
Second, data of all observational periods were 
combined and mappings of stationary and movement 
behavior plotted separately (Figure 27). 
4. Compare the mapped data with the computed data. 
For example, if two people walk down the study area 
together and talk, the observer checks the activities that 
one or both are engaged in: walking, socializing, and 
talking. 
The observation and the behavioral mapping method is 
used for determining the attitudes and behavior patterns of 
the I.S.U. campus pedestrian using the study area, the 
outdoor space in front of the main library. 
Movement data of ~ pedestrian walkway 
The analysis of movement data, using behavioral mapping 
data, and observation data and time-lapse photo data, shows 
that the primary flow of traffic takes either the west side 
walkways to go the south direction or the east side walkways 
to go the north direction (Figure 27, movement channel). 
Those passing along the channel in both sides of walkways 
tend to be divided by the lines on the walkways surface 
according to the direction of their destination or the 
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entrance they are planning to use. This pattern matches with 
the locations of entrance and exit at the main library. 
Therefore, the doors and stairs serving as entrances into the 
main library would largely determine the density and 
direction of events. 
The mapped data show that the middle sections are not 
used very much. They exist as a buffer zone to avoid 
crossing conflict with people coming from the opposing 
direction. 
Although sufficient area (time-lapse photo study 
computed the average 592.3 square feet per pedestrian) is 
provided for pedestrians to freely select their own walking 
speed, pedestrians rarely bypass slower pedestrians. 
Mapped data 
The mapped data analysis shows clearly that physical 
features of the environment, whether in the mainstream of 
movement through the site or not, tend to be used actively 
for stationary activity, with seating facilities at the hub 
area and on the lawn attracting most activity. Figure 26 
shows the degree of activity density in each divided area. 
Stationary activity was most likely to occur on or near the 
designed features (rails and lighting poles). Socializing 
with a large group occurs more on the lawn (Section I of 
Figure 22). 
Interestingly, while sitting activity on the rails 
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near the Hub (Section I) keeps "personal distance" between 
sitting groups and "far phase social distance" from 
pedestrians at Section II, stationary activities (sitting, 
talking, lying, etc.) keep "close phase social distance" from 
pedestrians at Section II. "Close social distance" is a very 
common distance for people who are attending a casual social 
gathering (Hall, 1966, p. 121). At "for phase social 
distance," the whole figure of other people can be seen at a 
60-degree visual angle (Hall, 1966, p. 121). 
Movement at Section II influences the locations where 
interactive behavior occurs as described above as well as in 
Sections I and III. Most of the gathering occurs in the 
middle of Section II (Figure 22) which is used as a "buffer 
zone." Pedestrians also seem to endure this small obstruction 
and bypass it. 
Computed data 
The total number of behavior events observed amounted to 
1451. Included in this figure were 702 (48.4%) stationary 
events and 749 (51.6%) moving events, representing averages 
computed over the whole observation period. The 
distributions and circumstances of stationary events 
generally represent informal interactive behavior among the 
users of the study area. Data on locations and types of 
events in stationary events are computed. As could be seen 
in the analysis of mapped data, the tendencies for 
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interactive behavior to occur on or in the vicinity of the 
designed or defined area was very strong. Leading in the 
degree of attraction exerted on users were the rails section 
at the Hub area with a large number of sitting activities. 
The number of groups with two or more persons decreased 
as the group size increased. For example, 64 groups of 
three, 21 groups of four, 16 groups of five or 6 groups of 
six members were observed. Dyads comprised 167 of the 
observed events, largely consisting of male-female couples 
frequenting the study area. The larger groups tended to 
locate activity on the lawn area, making a circle. 
In order to gain information on how users spend their 
time in the study area, the frequencies for the various 
observed kinds of activity and body posture were computed. 
In terms of body posture, persons in 526 stationary events 
were found sitting, 35 standing, 39 leaning, 13 squatting, 14 
lying and 2 kneeling. Sometimes several body postures were 
found in the same event. As far as events were concerned, 
the majority of events were interactive and involved talking. 
Data summary 
Total number of observation hours: 10 
Total number of observed behavior events: 1451 
Total number of stationary events: 702 (48.4%) 
Total number of movement events: 749 (51.6%) 
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Locations with observed number of stationary events: 
Section I 
Section II 
Section III 
244 
27 
431 
(34.8%) 
(3.8%) 
(61.4%) 
Observed behavior in stationary events: 
Talking : 365 
Solitary--non-active 161 
Sitting : 526 
Standing 35 
Studying 24 
Socializing 399 
Lying : 14 
Leaning : 39 
Kneeling : 2 
Squatting : 13 
Eating : 63 
Questionnaire 
Campus master planning often takes place without much 
reference to behavior, needs, or preferences of the students 
and staff who will be chiefly affected by the planning 
decisions. A questionnaire attempted to fill in part of this 
information hiatus by systematic inquiry. 
Eighty-eight students and staff participated in this 
survey. They indicated what they think about size, physical 
organization of paths, aesthetic appeal, capacity of space, 
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safety, lighting, architectural styles, relationships among 
buildings, traffic patterns, shelter between buildings, and 
other matters of concern to campus planners. Especially, the 
questions were formulated to know the pedestrian-user's 
attitudes and needs for the future improvement on I.S.U. 
campus. 
Since this survey was to give a firm basis for making 
particular design choices and to make recommendation for 
pedestrians, it did not attempt to be all inclusive. It does 
not view the results of work as a total study of campus 
design elements, relationships, or characteristics. It 
addressed only a few specific matters of special concern. 
For example, this questionnaire did not develop any material 
related to the interiors of academic building nor, except in 
the most general way, possible relationship between the 
I.S.U. campus and the surrounding area or Ames community. 
A list of questions is made for information or opinion 
to potential respondents, students and staff of Iowa State 
University, who have been chosen (Tables l4a and l4b). 
Ninety percent of the respondents were students and 10% were 
faculty and staff of I.S.U. A list of questions were 
distributed directly at the residence or office of the 
respondents during the second week of May, 1985. After the 
brief explanation on the purpose of survey, the respondents 
were asked to complete the questionnaire and the question-
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Table l4a. occupation of respondents 
Students 
- - - - -
Staff 
Table 14b. Sex of respondents 
Male 
Female 
- -
No. 
80 
- -
8 
No. 
53 
35 
No. 
Freshman 24 
Sophomore 25 
Junior 13 
Senior 9 
Graduate 9 
- -
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naire was picked up directly an hour later by the surveyor. 
The average age of respondents was 22.6 and the average 
number of people personally accompanied was 1.7. 
As this study was conducted, several advantages and 
disadvantages were found. 
Advantages of this questionnaire method 
1. Yields a high percentage of returns, for most people 
are willing to cooperate; 93% of usable returns. 
2. More adequate in situations in which the respondent 
has to check information and gives more valid 
information. 
3. Greater coverage may yield greater validity through 
larger and more representative samples. 
4. Permits more considered answers. 
5. The surveyor can give assistance. 
6. Completing items on the schedule or collecting 
mistakes can usually be made without annoying the 
respondents, and thus, greater number of usable 
returns are assumed than when other methods are 
employed. 
Disadvantages of this questionnaire method 
1. Requires the transportation costs and the time to 
cover addresses. 
2. Validity depends on the ability and willingness of 
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respondent to provide information. 
3. Possibility of misinterpretation of the question. 
Six of them (1, 2, 3, 5 , 9, and 11) were used for the 
purpose of this survey with a "tenth scale" to measure. 
The second half of questions from 14 to 20 (see 
Appendix B) were to discover casual relationships between the 
form of the I.S.U. pedestrian environment and those who 
occupy it and to provide a basis for better understanding. 
Construction of questionnaire 
These questions aimed at producing weighted 
relationships among many design factors through pedestrian-
users' perceptions, thoughts, feelings, attitudes, and 
behavior in the pedestrian environment. The first half of 
the questions gives us information about each design 
component, and the second half gives us cluste~s of ~elated 
design components. Thei~ answers yield relative values among 
a series of clusters. 
Questions 7 to 13 (Appendix C) were derived from 
Hershberger's 20 definition set of scales (1972, Chapter 6.4) 
to measure the measuring of architectural environment which 
must affect people. A set of his truency scales is 
summarized in Table 15. 
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Table 15. A set of environmental values 
Scale 
5 4 3 2 1 -1 -2 -3 -4 -5 
l. Aesthetic Unique Common 
2. Friendliness Friendly Hostile 
3. Organization Ordered Chaotic 
4. Potency Rugged Delicate 
5. Space Loose Compact 
6. Ornate Ornate Plain 
7. Coloring Colorful Subdued 
8. Neatness Clean Dirty 
9. Size Large Small 
10. Temperature Warm Cool 
ll. Lighting Light Dark 
12. Privacy Private Public 
13. Shape Angled Curved 
14. Ventilation Drafty Stuffy 
15. Noise Quiet Noisy 
16. Rigidity Rigid Flexible 
17. Formal Formal Casual 
18. Texture Rough Smooth 
19. Time Old New 
20. Utility Useful Useless 
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Walking time 
Intensely developed private and University owned housing 
is interspersed throughout the specialized facilities area 
(Map, 3) which surrounds the academic campus and extends 
outward with residential densities decreasing in direct 
proportion to the walking distance from the core. 
The respondents at Tower Residence Association (Storms 
Hall) said that they usually take 17.6 minutes to get to the 
core of campus. Net residential density tends to vary 
considerably in a ten-minute walk area because of a wide 
variation in housing types, but the gross residential density 
is relatively high for this ten-minute walk territory. 
Size of campus 
The respondents were asked to give their feeling about 
the size of I.S.U. campus in "tenth scale." Two of the 
res idence halls I respondents, those of Buchanan Hall (1.16) 
and Willow Hall (1.56), have a feeling that the size is 
larger than the average size scale value (0.98) among 88 
respondents. The reason for differences among residence 
halls, perhaps, is the geographical location. Those who live 
at Buchanan Hall and Hillow Hall, needing to take the 
hillside sidewalks to get to the academic area, are naturally 
less tolerable of walking distance (2400 feet, see Table 7 --
hillslopes and wind speeds demanding the same exertion from 
pedestrians) to the campus center (Map 3). Although Willow 
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than 10 minutes (average of 12.3 minutes), the other 4 
categories, Buchanan Hall, Helser Hall, Westgate Hall, and 
other, responded that they are located within a ten minute 
walking distance from their destination on campus (Table 16). 
Organization of pedestrian walkways 
To a certain degree, a carefully organized pedestrian 
walkway can give order to the I.S.U. campus. Pedestrian 
movement along the walkways connecting the myriad functions of 
I.S.U. is the basic expression. The walking need to assure 
the pedestrian that his presence in any part of campus related 
to the whole. This assurance matures, however, only as the 
individual becomes aware of the whole pattern and recognizes 
its relationships. 
With this concept in mind, this survey result cannot tell 
that the walkways are chaotic, but it gives a suggestion that 
they need to be improved. The beaten path across the lawn, 
the broken branches in a row of shrubs and the countermeasures 
of snow fence, chain link and new shrubs support the idea that 
expenditures to provide more adequate pedestrian walkway 
system can be justified. 
In Table 18, the scale value of Buchanan Hall respondents 
means that they do not have a well designed walkway system 
from their residence to the campus core area. Other 
categories show the highest position in average scale value, 
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but we shall see that their walking distance is the shortest 
(Table 16) so that their demand for organization is less than 
the rest. 
Aesthetic appeal 
Area image and aesthetics are an important objective of 
a basic pedestrian improvement. They include landscaping, 
buildings with distinctive architectural features or 
historical significance to sidewalk pavement colors and 
textures and lighting. 
The total average scale value of aesthetic appeal of the 
I.S.U. campus ranks second among seven similar scale type of 
questions <*7 to #13)--friendliness ranks #1. 
At the lowest position of the scale of Table 19 was a 
Westgate Hall respondent who would not walk through the above 
mentioned aesthetic elements. Most staff members seem to be 
satisfied with the aesthetic appeal of the I.S.U. campus. 
In general, the I.S.U. campus is carefully landscaped 
and campus plans were developed evenly (Johnson, Johnson, and 
Roy, Inc, 1968, pp. 6-10). Many species of trees are to be 
found on central campus and the great lawn at the center of 
the I.S.U. campus is encircled by a group of structures. 
. Since willow Hall residences need to pass all those 
elements, they had one of the highest average scale value 
about the I.S.U. campus aesthetic appeal. 
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Capacity 
Table 20 shows that most respondents think the capacity 
of pedestrian walkways is neither very loose nor very 
constrained. In fact, people tend to adjust within a limited 
physical territory (see Chapter 2--Human Spacial Behavior). 
Conducting an informal interview with Buchanan Hall 
residents, an impression is that the problem is not the 
capacity but the poor accessibility and the poor path 
organization from Buchanan Hall to the campus core area. 
Safety 
The survey asked to rate the degree of safety in terms of 
the conflict with vehicles. Pedestrian safety is universally 
accepted as one of the primary benefits of pedestrian and 
vehicular separation in nearly all literature dealing with the 
subject. 
From Table 21, most people answered that the I.S.U. 
campus is a little safer than average. However, the 
residents of Buchanan Hall (#4), Westgate Hall (#5), and 
"other" gave the below total average safety scale value of 
1.44. The Helser Hall residents, who cross only one vehicle 
road, show the first ranking in safety. 
Friendliness 
Although the feeling of friendliness is composed of many 
psychological factors, such as individual preferences and 
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performances in their environment, this survey tries to find 
if our I.S.U. campus environment is enjoyable as a pedestrian 
experience. The average scale value of this item get the 
most points (3.24) among the 7 questions (questions #7-#13). 
The average scale value of Helser Hall responses is at 
the highest position and the other at the lowest. Those 
scale values could be raised more by providing more 
pedestrian amenities on the I.S.U. campus. 
Lighting 
Pedestrian walkways lighting is generally accepted as an 
important contribution to safe, efficient and comfortable 
pedestrian traffic operation. In addition, it is commonly 
thought that good street lighting is a deterrent to crime and 
vandalism. 
Table 23 shows that, while 20.5% of respondents respond 
with +3 on the scale, the remaining are distributed almost 
evenly in each scale value. There are substantial 
differences among the categories. Therefore, criteria as to 
where lighting should be installed more necessarily relnain 
suggestive rather than definite. It is necessary to analyze 
different alternatives in lamps, luminaries, mounting 
heights, pole spacings, and power consumption to determine. a 
preferred design for the Iowa State University campus 
lightings. 
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Low, high-rise, or mixed 
The survey asked respondents to make one choice among 
1. low, spread-out; 
2. tall, high-rise buildings; and 
3. mixed low and tall buildings 
Table 24. Campus architecture preference 
LOW TALL MIXED 
TOTAL 
# % # % # % 
Buchanan Hall 1 16.7 0 0 5 83.3 6 
Helser Hall 1 5.9 2 11.8 14 82.3 17 
Storm Hall 2 10 2 10 16 80 20 
Hestgate Hall 2 20 0 0 8 80 10 
~Villow Hall 0 0 0 0 24 100 24 
Othera 0 0 1 9.1 10 90.9 11 
Total 6 6.8 5 5.7 77 87.5 88 
._---------------- --
aFaculty, other, and 3 graduate students at Design 
Center. 
for campus architecture. The resulting percentages are 
instructive: 
From these data on building height it is clear that a 
mixture of low and tall building will please a majority of 
people, both students and staff, both male and female. 
115 
Surface material 
This survey asked to choose one of four options related 
to the construction of walkways. The options are 
1. more colorful material 
2. smoother surface 
3. more varied texture design 
4. no opinion. 
The choice of materials can create a unique character not 
only for the I.S.U. campus as a whole but also for individual 
areas within. The quality of materials has a considerable 
effect on the pedestrian's reaction to pedestrian walkways 
(Berk, 1976, 12-1). 
The result of Table 25 shows that 26% of 88 respondents 
want more varied texture design. The existing surface of 
walkways on I.S.U campus has no designed texture with endless 
concrete pavements. Sixty percent of the respondents 
preferred to have the well designed and more textural 
variations walkways than the existing ones. 
The survey asked three questions about shelter or lack of 
shelter between buildings and found, surprisingly, that people 
generally said either that they enjoy being outdoors and 
unsheltered between classes or that they would accept being 
unsheltered between buildings if this would improve the 
appearance of the campus. A considerable number of students 
116 
Table 25. Pedestrian walkway construction 
Q # 
Total # of 
Categories 1 2 3 4 respondents 
Buchanan Hall 4 2 0 6 
Helser Hall 1 4 2 10 17 
Storm Hall 1 2 7 10 20 
Westgate Hall 5 2 1 2 10 
Willow Hall 4 5 6 9 24 
Other8 a * 2 5 4 11 
Total 11 19 23 35 88 
% 12.5 21.6 26 39.3 100 
Rank Preference 3 2 1 x 
apaculty, other, and 3 graduate students at Design 
Center. 
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Table 26. Shelter between buildings 
1 2 3 
(+ ) (- ) Sum (+ ) (- ) Sum (+ ) (- ) Sum 
Buchanan Hall 4 2 2 3 3 0 3 3 0 
Helser Hall 14 3 11 15 2 13 8 9 -1 
Storm Hall 20 0 20 17 3 14 13 7 6 
Westgate Hall 9 1 8 8 2 6 5 5 0 
Willow Hall 21 3 18 18 6 12 15 9 6 
Othera 8 3 5 10 1 9 7 4 3 
Total 76 12 64 71 17 54 51 37 14 
% 86.4 13.6 80.7 19.3 58 42 
Rank Preference 1 2 3 
aFaculty, other, and 3 graduate students at Design 
Center. 
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indicated, however, that they would use tunnels, if there were 
any, during bad weather. 
Most students strongly disagreed with the idea that 
sheltered walkways are important even if they make the campus 
less pleasing in appearance. The faculty had an even stronger 
feeling; they said they disliked tunnels and would avoid them 
even in bad weather. 
Vehicular traffic and pedestrian 
We asked six questions about roads, paths, and vehicles. 
Respondents were to give either positive or negative responses 
for each question. 
1. Vehicular traffic does not bother me much; I do not 
mind cars on campus. 
2. I like to walk without worrying about automobiles; 
they should be kept off campus. 
3. There should be a minimum number of vehicular roads 
on campus and lots of pedestrian paths and walks. 
4. There should be more special paths for bicycles on 
campus. 
5. Sidewalks and streets are still the most efficient 
way to handle traffic. 
6. There should be pedestrian underpasses or overpasses 
wherever vehicular traffic is heavy on campus. 
At the two lowest positions of the scale were the "don't 
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mind" option (#1) and the "no auto" option (#2). Table 27 
shows that the closer the residence halls (Buchanan Hall, 
Helser Hall, and Westgate Hall) were to the campus core, the 
more negative responses were for the "don't mind" option. 
Almost everyone chose the sidewalks and streets option 
(#5) and wanted to minimize vehicular traffic on campus. We 
shall see that this must be combined with lots of pedestrian 
paths and walks. Separate bicycle paths (#4) seem to be 
generally wanted, especially by Storm Hall residences and 
Willow Hall residences where they use more bicycles as a 
transportation to the core area. Those two residence halls' 
respondents also strongly expressed at the comment section 
that they felt in danger while riding a bicycle. Separating 
pedestrians from vehicular traffic by underpasses or 
overpasses has only a modest value for most of respondents 
except the Lincoln Way/Welch Avenue cross-walk to the Tower 
Residence Hall and Campus Town. 
Grouping of buildings and style 
The survey asked four questions about the placement or 
grouping of functionally related buildings, but in this set of 
items, two options were also placed to deal with architectural 
style. The expected results were whether the grouping or the 
style factors would seem more important to the respondents. 
It is a little difficult to interpret mixtures of this kind. 
The items were: 
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1. The library, student union, and other general 
centers should be in the middle of the campus at 
an easy distance from everywhere else. 
2. Buildings belonging to related departments or 
divisions should always be grouped close together 
to minimize travel time. 
3. Residence halls and dormitories should be as close 
as possible to the academic buildings. 
4. Residence halls are more pleasant to live in when 
they are some distance away from the academic 
buildings of the campus. 
5. All of I.S.U. campus should be of the same 
architectural style, whenever this is possible. 
6. Varied architectural styles make the I.S.U. campus 
more interesting and exciting; buildings all alike 
are monotonous. 
From Table 28, it is seen that people want "general-
function" centers to be near the middle of the campus and 
buildings of related departments to be grouped close together 
(#2). In general, they also feel that varied architectural 
styles are as important (#1) as proper grouping of buildings, 
especially in view of the strong negative response to the idea 
that all buildings should be alike in style (#6). People also 
tend to disagree with the idea that residence halls are better 
when they are some distance from the academic part of the 
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campus (#5). 
Comprehensive planning 
At this point several clusters of items have been 
examined, each related to a small set of design factors. A 
seven-item set is considered to help on evaluating design 
factors across clusters. Respondents gave two plus and two 
minus replies in this set. The options were: 
1. minimum travel distance among all buildings; 
2. pedestrian walks or paths, free of vehicular 
traffic; 
3. plenty of roads and streets through the campus for 
vehicles; 
4. buildings grouped, according to division or school, 
so that travel time is minimized; and 
5. impressive or beautiful view of campus from the 
surrounding area or Ames community; 
6. a focal point or center of interest on campus, such 
as a tower or a large fountain; and 
7. everything arranged strictly in terms of efficiency 
for educational purpose. 
Here it is found that buildings need to be grouped, 
according to dimension or school, to minimize travel time from 
the option that occurs in the first high-positive positions 
( # 4) • 
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Summary 
The 1.S.U. campus pedestrian user's atti tudes and 
demands were surveyed for making particular design choices 
and recommendations for pedestrians in chapter IV. 
The respondents want most campus academic facilities to 
be located within ten minutes walking distance and buildings 
belonging to related departments or divisions to be grouped 
together. There was a strong minority preference, especially 
at the Tower Residence Halls, for more bicycle paths on 
campus. They expect our I.S.U. campus environment to be more 
enjoyable with a variation in architectural styles and a 
greater mixture of low and tall buildings. 
Although the questionnaire results show only part of the 
total campus design elements, some of them can be used to 
discover what the planner needs to know. How pedestrians 
will respond to their environment; if they will like it; if 
they will consider it comfortable and pleasant; and if they 
will behave as desired by the designer has been revealed. 
Conclusion 
In this chapter, time-lapse photography, direct 
observation, and a questionnaire were used to study the 
I.S.U. ~ampus pedestrian spaces. Theses methods gave us time 
measurements, activities, and attitudes, respectively. 
Time-lapse photography provided the existing pedestrian 
traffic characteristics in the light of their speed, volume 
• 
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and module. It shows that the layout of pedestrian walkway 
is a more important element of improvement than the sidewalk 
widening. Through the direct observation of pedestrian 
outdoor space at the south of the I.S.U. main library, 
pedestrian traffic flow (Figure 27) and activity patterns in 
the surrounding area have been studied. Pedestrian 
territorial behavior and type of activities are confirmed. 
The questionnaire was designed to get the pedestrian user's 
attitudes for their campus setting. Although the respondents 
were not a creative source, their preferences for the future 
campus development were clear. 
With the data taken together in this chapter, we can 
step forward to the implementation of pedestLian improvement 
in chapter IV. 
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CHAPTER IV. PEDESTRIAN IMPROVEMENTS 
The observation and the questionnaire showed that the 
I.S.D. pedestrian space is used not only for a flow channel 
but also for students "outdoor living-rooms," especially at 
the control past of the I.S.U. campus near the main library. 
These additional concerns for the pedestrian areas establish 
needs for improvements in the quality of its physical 
environment such as better organization, street furniture, 
visual quality and surface materials. The quantity of 
pedestrian space in terms of its capacity is not a concern. 
People like to walk everywhere. They want to walk in 
convenience, health, and pleasure. 
First of all, we can make the sidewalks more pleasant by 
better maintenance of the trees. Another way to improve 
existing pedestrian conditions is to use lighting fixtures 
designed on a human scale. The appearance and character of 
sidewalks can be improved with well-designed strut furniture, 
graphics, or exhibition booths with street names, traffic 
signals, signs, information booths, waste-baskets, mail boxes, 
seats, plants, fountains, and sculptures. More positive 
suggestions can include building more pedestrian malls, 
arcades, traffic-free walks, and pedestrian precincts. 
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Street Furniture 
As necessary as household furniture, street furniture is 
almost always an afterthought in our campus surrounding. The 
choice of furniture and especially the manner in which it is 
sited are major elements in the visual success or failure of 
pedestrian surroundings. 
Street furniture provides important visual punctuation 
marks in the street scene and often adds richness and quality 
to spaces which might otherwise be bleak. 
There are at least five criteria to be considered in the 
selection process. They are suitability, scale, materials, 
fixing, and numbers. 
Suitability for a purpose is clearly a crucial factor. 
Does the light fixture give the right illumination levels? 
Is the sign big enough or too large for its function? Is the 
seat comfortable as well as attractive? 
Scale is not always considered sufficiently when street 
furniture is being selected: choosing a fixture from a 
catalogue can be dangerous. 
Materials and their psychological impact are important. 
A concrete seat will certainly look heavier than a wooden 
one, even though its size may be similar. There are sizing 
implications too in the choice of materials: steel, concrete 
or timber posts for similar purposes have different 
dimensions which may affect their visual suitability. 
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Fixings need some consideration in that mUltiple use and 
flexibility can improve the versatility of individual units. 
The design of fixtures, signs, and lamps should preferably be 
part of the overall visual concept. For example, there will 
be places where fixtures need to be played down and where a 
sign can be applied to a wall. Equally there will be cases 
in which the overall design of a family of fixtures will rely 
on clean-cut designs to increase visual attractiveness and 
versatility. 
Number is also an important factor for street furniture. 
For example, although in some cases one big light fixture may 
be better than four little ones, this is not always the case. 
In small areas it may well be easier to handle the visual 
impact of several smaller units. Provided that function is 
not impaired, grouping may also be considered. Height 
fittings can give cohesion to a street if handled well: 
equally, insensitive siting can drive a visual hole through 
an otherwise pleasant space. 
Street furniture on campus can influence the sense of 
place, particularly as the pedestrian perceives it, and it is 
crucial that eye level should playa proper part in siting. 
The impacts of furniture should be related to the needs of 
the space as seen by people who use it. The problems of the 
I.S.U. campus street furniture seem to be the stereotyped and 
unimaginative sizing and siting of street furniture. There 
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is a need for street furniture selectors and installers, not 
only to study and understand the regulations covering the use 
of signs and fittings, but more specifically to appreciate 
the accompanying advice which allows for intelligent 
interpretation of the use of criteria. Street furniture 
should be designed under schemes in harmony with the 
surroundings. 
An appraisal of the I.S.U. campus street furniture is 
made under three main headings: 
1. How will it survive in everyday use, including an 
assessment of such factors as appearance, siting, 
and maintenance problems; 
2. How well is it integrated visually, including 
comments on the original selection and siting 
decisions and on subsequent maintenance and 
replacements; 
3. The general effect it had on the street scene and 
on people using it. 
Lighting 
Great importance is being attached to appropriate 
lighting in pedestrian streets. Lighting is not only a 
source of illumination but also a design feature. Apart from 
the shape of lighting elements and how they are arranged, the 
type of lighting, the quantity and color of the lighting 
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Figure 28. Example of lighting 
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determines the quality of the pedestrian area. 
Signs 
It is necessary to determine the effectiveness of the 
signage structures on the I.S.U. campus. The following eight 
points provide the guidelines for evaluation and design 
signage structures: 
1. Signage must be differentiated from its environment 
and recognizable as a separate entity. 
2. The sign message must be comprehensible by a moving 
audience in traffic flow. 
3. The verbal message and visual information must be 
compatible and consistently applied throughout the 
system. 
4. Messages must occur in a clear and logical sequence 
which relates to user readiness for information 
from sign to sign. 
5. The signage must complement the physical and 
psychological characteristics of the setting. 
6. Signage structures must adapt to changes in the 
physical setting. 
7. The signage must accommodate the user's needs. 
8. The placement of signs must anticipate traffic 
patterns and reinforce desirable routes for user to 
follow. 
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Although the success of the existing signage varied from 
sign to sign, the highest failure overall seemed to be found 
in design criteria number 3, for a lack of compatibility and 
consistency among signs. It seems that there are no 
guidelines to be followed in selecting or placing a sign on 
campus. There are signs that are funded and placed by the 
university that show some sign of being planned, but there 
are still too many signs made and put up without much thought 
as to the size, location, clarity of the design, or how they 
relate to other signs on campus. 
Some signs are placed on buildings only for 
identification and sometimes are not very successful. The 
E.O. Building is identified with an unsuccessful sign. It 
has a sign that is seven inches by seventeen inches, and is 
so small that it can only be read from short distances. To 
further confuse the pedestrian, the entrance is at the rear 
of the building and is also poorly identified. 
Another variation of the identification sign that is 
found on campus is a free standing sign. This type of sign 
is used to identify the Student Health Service, Student 
Counseling Services and the Office of Student Life, which are 
all housed in the same building. They are constructed of 
plexiglass with a metal frame and are clear and easily read. 
However, because they are rather low to the ground and close 
to the sidewalk, they become obscured during heavy traffic 
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between classes and are not as effective as they could be for 
pedestrian traffic. 
The residence halls present a unique problem in 
identification. In addition to identifying many halls, each 
dorm house traditionally constructs its own sign with its 
house name on it and fastens it to the exterior of the 
building. This tends to make the residence halls look 
cluttered and is confusing to new students and visitors, who 
may confuse a house sign for a hall sign or vise versa. 
Due to the facts that the signage should supply an 
adequate amount of information at a minimum amount of 
presence, - two discrimination factors must be used in adding 
additional signage. 
1. Although I.S.U. has an obligation to provide 
signage enabling people to effectively interact 
within the university, the large majority of people 
at the university do not need most of the signage 
after they have become oriented. 
2. I.S. U. has a high level of env ironmen tal qua 1 i ty. 
With all the elements considered, the problems could be 
solved fairly simply if some guidelines were set up that 
identified what type of sign could be used and how to place 
them. 
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Figure 29. Example of signage 
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Pedestrian Area Surface Materials and Design 
The quality of the surfacing materials has a 
considerable effect on the pedestrian's reaction to 
pedestrian walkways since the texture of the ground is an 
essential visual element of the street people. Because 
repairing or paving an existing pathway is a fundamental 
aspect of a pedestrian project, the materials selected for 
walking surfaces are of great importance. An annotated list 
of the commonly used pairing materials follows: 
Concrete- Relatively inexpensive and durable, it can be 
finished in a variety of colors and textures. 
Precast Concrete Slabs-- Produced by compression or poured in 
open molds, they basically have the same characteristics 
as concrete. 
Nature Stones-- Commonly used paving stones include slab, 
granite, quartzite, sandstone, marble, and blue stones. 
Though relatively expensive, granite is the longest 
wearing and the mostwidelyusedofall. Stone for 
sidewalks and other pedestrian paths must have a safe 
and even surface. Popular for paving European streets 
and plazas. (Cast stone resembles the natural material 
but is less expensive.) 
Cobbles-- Obtained from beaches, river beds, and gravel pits, 
naturally rounded stones can be laid in random rough 
courses or in fairly exact pattern. Though the initial 
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cost of cobblestones is high, maintenance is low and 
they are extremely durable. 
Brick-- As a material for paving pedestrian areas, brick is 
rapidly regaining popularity. Although significantly 
more expensive than concrete, it is slightly versatile 
for its range of texture, colors, and sizes. 
durable. 
It is also 
The type of pattern on the ground surface (Figure 30) 
can range from simple flagstones or paving bricks to carpet-
type or pictorial configurations made of different materials. 
vI hen one looks down the pede s tr ian areas, the de sign 0 f 
the flow pattern is particularly important. Texture can be 
given to the ground through the use of a wide variety of 
materials. Mono-structured pebbly mixed-grained artificial 
stones produce a type of restless tedium; grey asphalt and 
concrete surfaces of 1.S.U. campus pedestrian walkways have a 
rather cheerless effect (Figure 31). The resul ts of a 
questionnaire in chapter III show that the design of the 
surfaces in pedestrian areas of I.S.U. campus should be 
colorful but not garish, and varied in texture. If we can 
get away from using only endless yards of concrete and 
asphal t for walkways, a floor of 1.S.U. campus can be crea ted 
which is more interesting and pleasing to the eye. For 
example, tiles and clinker bricks are made in pleasing warm 
tones and almost always impact a comfortable atmosphere. 
Stretcher 
Bond Along 
Path 
138 
Stretcher 
Bond Across 
Path 
Basket Weave Basket Weave 
Pattern (Flat) (Brick on 
Edge) 
Curved Pattern 
Fan Pattern 
Stack Bond Diagonal (Flat) 
Herringbone Herringmoue 
Pattern (Brick on 
(Flat) Edge) 
[(Ilfl 
Stack Bond 
%}~;~;~~~v:?r.~~1 
~~(,~~ ~i~~:; '.~::<j.:f '!/;;~:>;,". : 
c·':_J~·Jt..- •. I~'. ~ t_ r .• I_I.':' I'_\.I 0: 
Stretcher Bond 
Figure 30. Varied surf2ce patterns 
1976, 12-5} 
(Source: Berk, 
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Figure 31. Concrete surface of I.S.U. pedestrian walkways 
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Paving stones are considered to be the classic surfacing 
material. Bored by a lack of variety, paving can be laid in 
curves, straight lines and in other patterns. It can be like 
good music. 
Surface materials should be integrated into 
the overall design concept for an area, 
their selection coordinated with the choice 
of lighting equipment, street furniture, 
and signs, as well as with the building 
themselves. The texture, color, and 
pattern of the materials can, and should, 
be woven carefully into the overall fabric 
of ••• area. (Berk, 1976, 12-1) 
Although a wide variety of quality pairing products are 
generally available, the most important factors in designing 
an effective scheme are the designers' skill of imaginative 
solution and application. 
Sidewalk Widenings 
As discussed earlier in chapter 3, the widths of 
sidewalks on I.S.U. campus never reached the critical point 
in terms of capacity. For the future demand, the advantages 
and the disadvantages of sidewalk widening need to be 
considered: 
Advantages 
- Increased space for pedestrian amenities 
- Increased sidewalk space relieves pedestrian 
congestion in area of high volume 
- Some visual obstruction can be eliminated 
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- Additional "buffer zone" reduces potential for 
conflict and accident. 
Disadvantages 
- Pedestrian exposure to weather is not affected 
- Does not solve the problem of conflict at 
intersections 
- Reduces width of street available to vehicles. 
Evaluation Data Set 
A set of pedestrian walkways evaluation data elements 
can be suggested based on this study. They are prepared for 
the further pedestrian walkway study in various settings. 
The forms of study can be divided in three areas: 
1. safety-- separation between pedestrians and vehicles, 
2. convenience-- directness, continuity, capacity, and 
availability, and 
3. comfort-- protection, security, coherence, and 
interest. 
The data set for pedestrian evaluation in terms of its 
physical environment follows: 
1. Physical layout, map 
2. Location and description of primary generators 
3. Location and description of secondary generators 
4. Path distance and time measures 
5. Type, extent and location of vertical change elements 
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6. Points of pedestrian and vehicular conflict 
7. Obstacles to the handicapped 
8. Lighting levels and other security-- related data 
9. Description, location, and extent of activity 
10. Description and location of signing 
11. Origin and destination of trip 
12. Route description 
13. Time and day of trip 
14. Trip purpose 
15. Trip-maker characteristics 
16. Weather conditions 
17. Perceptual factors-- image, attractiveness, and 
visual intrusion 
18. Compatibility of connected land use activities 
Typology of Street Functions 
With special reference to Iowa State University campus, 
the functions of street were represented by the relationship 
among the typology of activity, the typology of environment, 
and the street functions. The typology of street functions 
can be shown by six conceptual terms. 
Flow Channel: Street is used for traffic flow only in the 
morning and late afternoon. 
Pass Channel: street is used for passage-way (no more 
strongly than the flow channel). 
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Terrace: Street is used for a space for converging movement 
for resting. 
Gallery: Street is used for a space for active visiting 
movement. 
Arcade: Street is used as a space for active enjoying 
activities and used for living-space of the campus. 
Booth: Street is used for a space similar to surrounding 
plazas or hollows of recreational site. Street is 
perceived as an extended interior space and functions as 
the pedestrian space. 
All these functions of streets were found at the south 
of the main library but only one function--pass channel--was 
found near the Heady Hall pedestrian study. They are 
rearranged in space characteristics as shown in Figure 32. 
These models are represented by the following elements: a) 
street functions based on activities; b) space occupation; 
and c) interaction between street and environment. 
Campus Spatial Organization 
In order to give a better organization of pedestrian 
walkways on I.S.U. campus, several campus development 
concepts can be proposed. 
A. The Iowa State University campus is proposed to be 
developed as a single unified campus in which is 
situated most of the institutional space for all 
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Function Space characteristics 
Flow channel Direct channel 
Pass channel Curved channel 
-
Terrace Linear attractives to look 
around and stand 
Figure 32. Street functions 
Function 
Gallery 
Arcade 
.. 
Figure 32. (continued) 
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Space characteristics 
Small hollows to sit 
and stand 
Mall-like sheltered 
street 
~ •• , <# ...... _- --1 
I , 
Plaza-like enclosed 
hollow street 
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disciplines. If possible, all facilities are to be 
located within a ten minute walking interval of one 
another. Therefore, academic facilities will need 
to be located within a one-half mile square. 
B. Proper functional relationships between academic 
units have been reflected in the allocation of 
buildings for different disciplines, and space for 
expansion of individual units is intended to be 
protected since instructional units will grow at 
different rates. 
C. Preservation of historically significant 
architecture and other aesthetic elements of high 
quality, such as the Beardshear Hall, Curtis Hall, 
and the Memorial Union. 
D. Maintenance and enhancement of the aesthetic 
quality of the campus. Since building coverage 
will he greater, a careful arrangement of building 
groups will be required to preserve open space, 
malls, and courts providing visual release. 
E. Considerable controversy has arisen over the use of 
Welch Avenue sidewalks by students walking between 
the campus and Tower dormitories to the south. 
Students complain of uneven and narrow sidewalk 
pavement, poor maintenance and dangerous 
intersections. (Johnson, Johnson & Roy, Inc., 
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" 
- _ '''a.: 
-: .. :... - .. _~~ J . .... ~. 
Figure 33. Example of the beaten path across the lawns 
148 
1968, p. 32) 
F. Desired pedestrian travel lines through I.S.U. 
campus should be reconsidered to prevent the beaten 
paths across the lawns (Figure 31) and the broken 
branches in a row of shrubs. 
The following list from the future alignment of walkways are 
suggested: 
a) Flow smoothly without abrupt changes in direction 
or obstacles in the path 
b) Lead directly without deviation in direction from 
origin to destination 
c) Be a clear and recognizable system throughout 
campus toward more efficient pedestrian movement, 
economy in materials and campus unity 
d) Be safe enough to walk upon in all weather 
conditions. 
G. Specialized facilities are not routinely frequented 
by large numbers of students during the academic 
day, and so they can be located slightly beyond the 
ten minute walking radius. 
SUlnmary 
This chapter has made a list of proposals for 
improvements in the quality of pedestrians' physical 
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environment. While reviewing pedestrian flow patterns and 
attitudes in chapter IV, pedestrian walkway organization, 
street furniture, visual quality, and surface materials on 
I.S.U. campus were discussed with some detailed examples. In 
addition, a check list for pedestrian space evaluation has 
been suggested for other similar studies. Taken from the 
results of the questionnaire in chapter III, I.S.U. 
pedestrian attitudes and demands are translated in a proposal 
for campus spatial organization. 
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CHAPTER V. CONCLUSIONS 
Summary 
We have studied the theoretical basis for human 
movements by reviewing their spatial behavior, formulating 
the ideal pedestrian traffic flow equations, and confirming 
the weather conditions in chapter II: the test and 
application of three methods - questionnaire, observation, 
time-lapse photography - on a real setting, Iowa State 
University campus in chapter III: the qualitative analysis 
of pedestrian environment, as a part of I.S.U. campus 
comprehensive planning, by concerning street furniture, 
street characteristics, and street construction in chapter 
IV. 
Time-lapse photography 
Design criteria can be derived with respect to the space 
characteristics and space requirement in the numerical terms 
from chapter II. 
Standing space reguirement Average size human body 
in a vertical position, pressed together with virtually no 
room for movement, can occupy as little as 1.0 square feet 
per woman and 1.5 square feet per man. Men standing require 
about 2.4 to 2.8 square feet per person to avoid touching 
each other and prefer a "body buffer zone" of 4 to 9 square 
feet to avoid emotional discomfort in the presence of 
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strangers (Fruin, 1971b, p. 20). Emotional considerations 
aside, there are some practical ones as if under a covered 
area of umbrella. In establishing the dimensions of outdoor 
spaces for pedestrians, considerations of this type can be of 
importance, if we do not want circulation to break down when 
it rains. 
A classification of interpersonal distances was 
suggested by the anthropologist, Edward T. Hall (see chapter 
II). There are many situations at the space available around 
standing pedestrians and stationary activity. In a recent 
study of pedestrian design standard, Fruin (see Tables 2 and 
3) described the characteristics of six levels of pedestrian 
density in the stationary situations. With his standards, 
I.S.U. campus pedestrian space can be rated as the service 
level A which would not need the additional sidewalk 
widening. 
Walking space requirement Human locomotion, quite 
naturally, requires more room than standing to allow for the 
physical set of pacing and also for a buffer zone large 
enough to anticipate potential collusion and to take evasive 
action. 
The time-lapse photography tested the traditional 
equation describing traffic flow (flow = speed x density) and 
derived the standard formulas for pedestrian traffic. 
Pushkarev and Zupan (1975, p. 53) rewrote the equation 
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Table 30. Pedestrian behavior related to available space 
(Source: Pushkarev and Zupan, 1975, p. 87) 
Average Ar~a Per 
Person (ft ) 
25 to 40 * 
* 
* 
* 
* 
* 
Characteristics 
Flow: roughly one-third of maximum 
capacity 
Average speed: approaching free flow 
Choice of speed: occasionally impeded 
Crossing or reverse movement: 
with occasional conflicts 
possible, 
Conflicts: about 50 percent probability 
Passing: possible, but with interference 
Over 40 * Flow: one-fifth of maximum capacity or 
less 
* 
* 
* 
* 
* 
Average speed: virtually as chosen 
Choice of speed: virtually unrestricted 
Crossing or reverse movement: free 
Conflicts: maneuvering needed to avoid 
conflicts 
Passing: free, with some maneuvering 
as follows: 
ft2 
space (Ped.) = 
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Speed(ft./min) 
flow (Ped./min/ft) 
The relationships between speed and volume within 
modules has been looked at. It can be approximated by a 
parabolic curve (Figure 35). Top speed can be reached when 
there is no one else on the walkway, that is, when volume is 
near zero as in the upper left hand corner of Figure 34. 
Since the equations for two study areas (Lib: Y = 319 -
O.77x, Heady: Y = 336 - 1.95x) are available, the possible 
maximum speed would be 319 at the library, and 336 at Heady 
Hall feet per minute. As flow increases, each pedestrian in 
the traffic stream is more affected by others and speed 
declines. At a certain point, flow is at a maximum (the apex 
of the parabora at Figure 35), often described as capacity. 
During observation hours, the maximum capacities were 61 
square feet per pedestrian at the library section and 27 
square feet per pedestrian at the Heady section. 
The pedestrian behavior of I.S.U. students population 
demand greater spacing between individuals and accordingly 
lower flow at comfortable speeds than the space requirements 
by the results of Fruin's (1971a,b) and Pushkarev and Zupan's 
(1975) downtown area study. The higher interpersonal 
distances adopted by the students are more representative of 
a comfortable situation. 
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Observation 
As a result of the study, several implications for the 
design of public outdoor space were suggested. Although it 
may not be justified to draw conclusions and to generate from 
one case study alone, some of the observed phenomena had been 
studied previously and were confirmed in this project. Other 
findings appeared commonsensical since intuitively any 
designer of a public space would make his decisions on the 
suspected effect of certain physical arrangements. In 
attempting to judge the quality of a pedestrian walkway and 
surrounding spaces, or part of it, it would seem important to 
be able to specify not only the desired behavior categories 
but also the amount of each desired for a particular setting. 
In this study, value judgments have not been made regarding 
the goodness of fit of certain design elements in the study 
area. Instead, the objective was to report on any 
relationship that might exist, whether good or bad, between 
physical environments of the study area and occurring 
behavior. 
Questionnaire 
We have learned a great deal through the help of our 
respondents. Certain design decisions can now be made on the 
basis of the needs and desires of those who will be most 
affected by the Iowa state University campus plans. However, 
the impression that creative design can be concocted from 
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survey results is wrong. Students and staff members can tell 
us what they they like and dislike, but they rarely provide 
us with new ideas or the means of moving into the realm of 
the possible. These matters are still the prime function of 
the creative planner. When he takes a step forward, and 
something original comes into existence, then we can measure 
people's reactions to the new thing. People themselves are 
not usually the source of creative ideas. At this time, this 
study did not survey the artist-planner-designer out of his 
own sphere of activity. 
On the other hand, these survey results can give the 
planner much information that will temper his flights of 
fancy, make his environmental manipulations more humane, and 
help him in his arguments with college staff members and 
students. Hill (1984, p. 539) said that 
• • • questionnaires provide more easily obtainable 
data ••• with lesser degree of accuracy. The 
reduced level of accuracy for questionnaire data is 
mild, however, and may be tolerable given the 
specific aims and resources of a particular 
investigation. 
For all these reasons it is felt that careful behavioral 
research, though it is only of the survey kind, has high 
utility for the design professions. 
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Overview 
After the study of overall physical impacts and human 
factors for general pedestrian environment in chapter II, 
Iowa State University campus pedestrians' existing traffic 
flow patterns and characteristics, relation with surrounding 
outdoor space, and their feelings were studied together in 
chapter III. They provide design criteria for a designer 
arranging pedestrian elements such as a layout of sidewalks, 
location of benches and width of paths. For example, benches 
should be located at places with clear visual range to 
walkers as well as social distance (Figure 6) from pedestrian 
walkways. As known in chapter III, design criteria for 
pedestrian artifacts on I.S.U. campus have been suggested in 
chapter IV. 
These steps are necessary and applicable for most 
pedestrian planning processes. Three methods in chapter III 
gathered possible data in physical inventory as a valid data 
base for preliminary campus pedestrian planning on the I.S.U. 
campus. Although economical and political aspects of a 
pedestrian planning process were not reviewe~, such 
considerations follow the preliminary phase studied in this 
thesis. 
Recommendations for Further Studies 
Being preliminary in nature, this study had a number of 
limitations which future investigations might avoid. 
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1. The time sample, due to lack of study time, was not 
adequate to allow for more than limited 
generalizations derived from the data in this 
study. Several time conditions ought to be 
investigated in the case of a university campus: 
a. different periods within a study semester and 
b. different seasons and their effect on outdoor 
informal behavior. 
2. This study could not check the data reliability 
because of having only one observer record data of 
the research setting. The reliability can be 
improved by having several observers record data 
comparison. 
3. Data recording in observation and time-lapse photo 
study: in a future study it could be made less 
obstrusive by using more technical hardware, such 
as video-tape or "super 8" camera recordings of the 
setting, instead of using just 35 rom camera; by 
recording data from at least two vantage points. 
This procedure would have three advantages: 
a. An exact record of data could be obtained with only 
one attendant checking the equipment and changing 
tapes, 
b. The recordings would be played back anytime for 
analysis, and 
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c. with two vantage points, one person recording data 
can catch the event where the other may not. 
4. The questionnaire could be executed by the artist 
planner-designer out of his own sphere of activity 
on campus. 
5. In depth study of bicycle and relationships with 
pedestrians on campus is necessary. 
6. Additional testing and development in various parts 
of campus are needed. 
7. More data on walking distances and on the effect of 
environmental factors on encouraging or discouraging 
walking in real settings. 
8. Trip generation rates for particular building uses 
on campus. 
Some Limitations in Quantitative Analysis Method 
Adequate techniques of quantitative analysis for 
pedestrian planning have not been developed, even though 
pedestrian volumes, trip lengths, and the quantities of 
movement are obtainable data. A key problem here appears to 
be that the capacity of pedestrian ways represents a 
particularly elusive concept. People on foot have a high 
degree of maneuverability, and any circulation criteria which 
suggest desirable intervals between walkers or desirable 
speeds would be difficult to support in terms of safety, ease 
of pedestrian flow, or on other grounds. It has been 
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possible, however, to establish density levels at which the 
rates of pedestrian movement become markedly reduced, and a 
range of densities implying various levels of ease of 
movement. But the association of appropriate pedestrian 
densities with the different types of walking environment 
would be much more difficult. 
Perhaps as a result of the difficulty in identifying 
pedestrian route capacities, the measurement method of the 
demand for pedestrian right-of-way has not been developed in 
adequate quantitative ways. A further difficulty here is 
that simple volume counts yield no information about either 
the direction of completed pedestrian trips or the 
interchange of trips between specific establishments. Such 
data can be obtained only through well-designed origin and 
destination surveys which would not be possibly done by one 
person in this study. 
Though the development of analytic tools for pedestrian 
analysis is possible, there has been little accomplished. 
The costs of conducting adequate origin-destination surveys 
may appear excessive, and perhaps prohibitive, in most cases. 
Some general inferences about the possible application 
of the finding of this study can provide the preliminary 
stage for the judgments of I.S.U. campus pedestrian space. 
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Concluding Remarks 
It is hoped that this study can contribute to humanizing 
the pedestrian walkways on I.S.D. campus. However, the 
observation in this study of the activities on the selected 
I.S.D. campus pedestrian area, was limited to a few days in 
season for a year and also for relatively short periods of 
time of a day. Therefore, the conclusions drawn from this 
study on the selected pedestrian walkways may not validly be 
generalizable beyond the scope of survey undertaken here. 
Nonetheless, it is expected that this is a beginning of 
similar studies that could identify the functional 
relationship between the pedestrian walkway functions and its 
environment thereof in a broader context. This study can 
give a strong grounds for those who are involved in the 
process of planning and design of I.S.D. campus. 
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APPENDIX A: VENTURI EFFECT 
The Venturi Effect is due to the funneling of air between 
two separate buildings. The area of a maximum discomfort is 
situated at the narrowest portion of the gap between the 
buildings. For this effect to occur, the building high must 
be more than 50 feet, and the sum of building lengths, Ll + 
L2' must be more than 330 feet. Also, the space upwind and 
downwind of buildings must be relatively open so that the flow 
has an inimpeded convergence approaching the gap and 
subsequent divergence beyond the gap. 
2-3h 
> 330 feet 
..... I h ~ 50 feet 
" 
fiyur~ Ai. Venturi effect 
When the gap width is two or three times the mean building 
height (critical gap width), the discomfort parameter 
reaches 1.3 for building height of 80 to 100 feet and 1.6 for 
heights of about 165 feet. 
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APPENDIX B: EQUATIONS FOR PEDESTRIAN VOLUME AND SPEED 
BY THE LINEAR REGRESSION METHOD 
The linear regression method uses a best-fitting straight 
line equation to fit a number of pedestrian series plots. 
Such a set of points is called a scattergram or scatter 
diagram. The equation by this method can provide the general 
relationships, at two places, between pedestrian volume and 
speed. 
Y = a + bx 
where Y = pedestrian speed with i number of pedestrians 
passing for 20 seconds 
x = i number of pedestrian volume for 20 seconds 
n 
2: (x· - x) ( y. - Y) 1 1 
b = 
i=l 
n 
2: (x· - x) 2 1 
i=l 
a = Y - bx 
x = sample mean 
Y = sample mean 
The following equations are derived: 
1) Library section 
Y = 319 - 0.77x 
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2) Heady Hall section 
Y = 336 - 1. 95x 
For example, if there are 10 pedestrians passing for 20 
seconds; their walking speed would be 
Library: Y = 319 - (0.77 x 10) 
= 311. 3 (feet per minute) 
Heady: Y = 336 - (1. 95 x 10) 
= 316.5 (feet per minute) 
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APPENDIX C: QUESTIONNAIRE 
Project Data is working to develop an I.S.U. campus 
pedestrian system to meet the needs and wants of all people 
who use the I.S.U. campus area. The system that I.S.U. 
campus users themselves have told us as they want and need 
will be recommended. 
This survey is designed to show what these needs and 
wants are. Without your help this project cannot be 
successful because of the lack of information on what 
improvements for the I.S.U. campus are needed. With your 
help, it will be able to set about designing the best and 
most convenient pedestrian environment at the I.S.U. campus. 
Please fill out this form and mail it to the following 
address: 
1. 
2. 
Sungwook Hong 
7163 Buchanan Hall 
Ames, Iowa 50013 Tel. (515) 294-5828 
You will be given an hour to fill out this form. 
What is your occupation? 
Student - ( ) Freshman ) Faculty ) Other 
( ) Sophomore 
( ) Junior 
( ) Senior 
( ) Graduate 
Address: 
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3. Male ) Female 
4. Age 
5. How many people personally accompanied while walking on 
campus today? 
6. How long do you usually walk to the destination on campus 
from your residence hall (on-campus) or from Cy-Ride stop 
(off-campus, if you take Cy-Ride)? check one 
Within 3 minutes 
3-5 minutes 
5-10 minutes 
10-15 minutes 
15-20 minutes 
20-30 minutes 
25-30 minutes 
more than 30 minutes 
7. How do you feel about the size of I.S.U. campus to walk to 
class? (1-10 scale) 
Large Small 
/ / I I / / I / / / 
8. The physical organization of I.S.U. campus pedestrian 
walkways. (1-10 scale) 
Ordered Chaotic 
/ / I / / / / 1// 
9. The aesthetic appeal of I.S.U. campus from a pedestrian's 
view. (1-10 scale) 
Unique Common 
/ / I I / / I I / / 
177 
10. Do you feel you have enough pedestrian space to walk on 
I.S.U. campus? (1-10 scale) 
Loose Compact/crowded 
/ / / / / / / / / / 
11. Do you feel safe when you walk on campus in terms of the 
conflict with a vehicle? (1-10 scale) 
Safe Danger 
/ / / / / / / / / / 
12. The campus environment as a pedestrian is ••• (1-10 scale) 
Friendly Hostile 
/ / / / / / / / / / 
13. The lighting off campus for pedestrian walkways is ••• 
(1-10 scale) 
Light Dark 
/ / / / / / / / / / 
14. What is your preference for campus architecture? 
(check one) 
Low, spread out buildings 
Tall, high-rise buildings 
A mixture of low and high buildings 
15. The pedestrian walkway should be constructed with ••• 
(check one) 
) More colorful material 
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Smoother surface 
More varied texture design 
No opinion 
16. How do you feel about having shelters associated with 
pedestrian functions on the I.S.U. campus? (Please check 
all statements--"+" if you agree and 
"-" if you disagree) 
I enjoy being outdoors and unsheltered between 
classes. 
I accept being unsheltered between buildings if this 
would improve the appearance off campus. 
I want to use shelters--such as tunnels--during bad 
wea ther. 
17. How do you feel about the relationship between vehicular 
traffic and pedestrians on the I.S.U. campus? (Please 
check all statements--"+" if you agree and 
"-" if you disagree) 
Vehicular traffic does not bother me much; I do not 
mind cars on campus. 
I like to walk without worrying about automobiles; 
they should be kept off campus. 
There should be a minimum number of vehicular roads 
on campus and lots of pedestrian paths and walks. 
There should be more special paths for bicycles on 
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campus. 
Sidewalks and streets are still the most efficient 
way to handle traffic. 
There should be a pedestrian underpass or overpass 
wherever vehicular traffic is heavy on campus. 
18. How do you feel about the physical grouping of buildings 
on campus. (Please check all statements--
"+" 
"-" 
if you agree and 
if you disagree) 
The library, student union, and other general 
centers, should be in the middle of the campus at an 
easy distance from everywhere else. 
Buildings belonging to related department or 
divisions should always be grouped close together 
to minimize travel time. 
Residence halls and dormitories should be as close 
as possible to the academic buildings. 
Residence halls are more pleasant to live in when 
they are some distance away from the academic 
buildings of the campus. 
All I.S.U. campus should be of the same 
architectural style, whenever this is possible. 
Varied architectural styles make I.S.U. campus 
more interesting and exciting; buildings all alike 
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are monotonous. 
19. Below is a list of priorities relating to Comprehensive 
Planning. Check the two most important points with "+," 
and the two least important points with "- " . 
Minimum travel distance among all buildings. 
Pedestrian walks or paths, free of vehicular 
traffic. 
Plenty of roads and streets through the campus for 
vehicles. 
Buildings grouped, according to division or school, 
so that travel time is minimized. 
Impressive or beautiful view of campus from the 
surrounding area or Ames community. 
A focal point or center of interest on campus, such 
as a tower or a large fountain. 
( Everything arranged strictly in terms of efficiency 
for educational purpose. 
20. Comments. 
